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On the Cover 

AT&T technology and systems know-how 
combine to offer customers a mix of services 
to meet their wide-area networking needs. 
The articles in this issue explain how 
AT&T’s inclusive line of high-speed 
lightwave systems, satellite services, wide- 
band packet technology, advanced digital ra- 
dio, and local fiber optic links can bring the 
efficiencies of wide-area networking to com- 
munities of small businesses, large office 
complexes, and individual residences such as 
the one symbolized on the cover. 


Cover illustration by Dick Palulian 
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_ PRODUCTS, SYSTEMS AND SERVICES \ 





=) FIBER IN THE LOOP 
J.B. Haber and J. W. Rogers 
AT&T’s work in making the final link between the central office and the customer with 
fiber. 


HIGH CAPACITY LIGHTWAVE TECHNOLOGY COMES OF AGE 

D.L. Howells 

Lightwave’s lower cost and better performance make it the customer’s choice in 
interoffice applications. 


SKYNET® SATELLITE SERVICES—NEW CHOICES FOR DATA NETWORKING 
J.J. Sanchez 

A higher frequency band and small, less costly earth stations are making satellites 
more feasible for private networks. 


FASTER PACKETS FOR TOMORROW'S TELECOMMUNICATIONS 
S.B. Andrews, G.W.R. Luderer, and E.J. Messerli 

Wideband packet technology extends packet switching of data to voice 
and images. 


AT&T AS A WIDE-AREA DATA NETWORKING CUSTOMER 

_ FA. Field and K.E. Mitchell 
A new AT&T internal network for asynchronous data transmission can serve as the 
model for future data systems. 


THE DIGITAL RADIO SYSTEMS THAT MASTER MOTHER NATURE 

S.C. Ladd 

AT&T’s DR6/11-135 Digital Microwave Radio Systems offer virtually error-free 
performance and protect almost completely against irregular propagation conditions. 
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Fiber In 
The Loop 


Fiber optics, first deployed in the 
telecommunications network in the 
late 1970s, soon became the medium of 
choice for long distance and metropoli- 
tan trunking networks. By the early 
1980s, it had entered loop feeder and 
large business telecommunications net- 
works. Now, it is appearing more and 
more in the loop—the final link be- 
tween the central office (CO) and the 
customer’s premises—both in new in- 
stallations and plant rehabilitation. 
Several telephone companies have an- 
nounced fiber projects using AT&T's 
SLC® Series 5 Carrier System’s Fiber- 
to-the-Home feature. 


EVOLUTION IN THE LOOP 
FROM COPPER TO FIBER 


The loop consists of two distinct 
segments: the feeder that extends 
from a telephone CO to a distribution 
point, and the distribution plant that 
connects the distribution point to a 
customer’s premises. The demand for 
high-speed digital service and over- 
crowding of feeder facilities have 
caused an evolution in transmission in 
the feeder portion of the loop. Over 
the past decade, installations have 
moved from analog transmission over 
copper wire pairs to digital transmis- 
sion over copper T 1 lines to digital 
transmission over fiber. 

In the traditional analog copper 
plant, large pair-count cables consist- 
ing of hundreds of twisted copper 
pairs carry analog signals from the 
CO to subscribers. Since each sub- 
scriber line requires only one copper 
pair, the cables are tapered (reduced 
in pair-count) as they approach the 
subscriber’s premises to minimize 
wasted copper. Because the length 
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and gauge of the twisted copper pairs 
limit their information-carrying ca- 
pacity, any increased traffic or unex- 
pected growth in service demand of- 
ten requires installation of new copper 
cables. In many areas, physical spaces 
in which feeder routes are located be- 
come so congested that placement of 
additional copper cables is impossible. 
The digital loop carrier system, 
introduced in the late 1970s, allowed 
more traffic to be carried on feeder ca- 
bles without adding cable pairs. In 
these systems, electronics piaced at 
the CO and at equipment closer to the 
customer provide conversion of sig- 
nals between analog and digital. This 
makes possible time division multi- 
plexing of signals so that many cus- 
tomers can share the same copper 
pairs. These systems typically operate 
over T1 lines that require repeaters 
every 6,000 feet, and provide much re- 
lief to telephone companies in high 
growth and metropolitan areas where 
installing additional copper facilities 


is expensive. 

At the same time that telephone 
companies were finding relief from 
overcrowded feeder lines with digital 
loop carrier systems employing cop- 
per T1 lines, fiber was being intro- 
duced into interoffice trunks to carry 
heavy traffic between COs. Phone 
companies immediately realized that 
the same benefits fiber brought to 
trunking (increased information-car- 
rying capacity, reduced cable sizes 
and lower maintenance costs) could 
be used to advantage in the loop feed- 
er plant. As a result, multiplexers 
were designed for digital loop carriers 
to run over fiber. Multiplexers com- 
bine traffic from several systems and 
send it at high bit rates over single- 
mode fiber. 

AT&T has been a leader in devel- 
oping manufacturing and helping 
telephone companies to deploy this 
technology. AT&T’s SLC System 
family of digital loop carrier has been 
continually improved to the latest vin- 


tage identified as SLC Series 5 Carri- 
er. Using software control, this ver- 
sion permits single-end provisioning 
to save costly dispatch of craftpersons 
to the Remote Terminal, which is the 
equipment near the customer’s pre- 
mises, for conversion of signals be- 
tween analog and digital—analog to 
digital for leaving the customer and 
digital to analog from the CO to the 
customer. 


FIBER IN THE LAST MILE 


As a result of favorable reactions 
to fiber-based digital loop carrier sys- 
tems, over half of all new digital loop 
carrier installations are now fiber 
based. This trend will likely continue. 
Now the evolution from copper to fi- 
ber is going one step further; single- 
mode fiber is being deployed in the 
last mile from the Remote Terminals 
of the SLC Series 5 carrier system to 
the customer. (See Figure 1.) The im- 
mediate benefit to the telephone com- 
panies deploying fiber in the loop is an 
ability to handle growth and changes 
in POTS (Piain Old Telephone Ser- 
vice) lines electronically. 

AT&T’s SLC Series 5 Carrier Fi- 
ber-to-the-Home feature provides for 
the installation of a small amount of 
active circuitry on the outside ofa 
customer’s residence. This Distant 
Terminal then becomes the point of 
conversion between analog and digi- 
tal. Some changes are also made at the 
SLC Series 5 Remote Terminal in the 
configuration. 

Telephone companies expect 
that future benefits may include reve- 
nue from new narrowband service of- 
ferings, as well as later from transport 
of broader bandwidth offerings like 
home video. Expensive retrenching 
and property restoration costs for lat- 
er media upgrades will be circumvent- 
ed by installing fiber now. Subscribers 
will be able to receive higher band- 
width services in the future without 
facing the inconvenience of new cable 
installation on their properties. 
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“Now the evolution from copper to fiber is going Hits 


step further; single-mode fiber is being er in 
the last mile ... to the customer.” : i 





DISTRIBUTION LOOP ARCHITECTURE 

The architecture in the first fiber 
in the loop applications is similar to 
the architecture in copper installa- 
tions. (See Figure 2.) High fiber-count 
backbone cables fan out from remote 
terminals and splice to lower fiber- 
count lateral cables at branch points 
closer to the customer. Lightguide 
buried service or aerial drop cables 





splice to lateral cables at customer 
property lines. This gradual reduction 
in fiber count as the cable approaches 
the customer, or tapering of the ca- 
bles, reduces the amount of wasted fi- 
ber. Less tapering is done with fiber 
cables than with copper since fiber 
splicing is more expensive and time- 
consuming than copper splicing on a 
per-conductor basis. 


Splicing time can be minimized 
when running fiber conductors to cus- 
tomers’ residences by using star-type 
architecture and sheaths that are easy 
to enter. Mass splicing techniques 
should be used wherever possible. 
Media installation should require a 
minimum of training and equipment. 
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Additionally, cables and components 
must withstand a range of installation 
and environmental conditions. 
Cables are installed underground 
in locations where temperature 
changes are small, and aerially where 
temperatures vary widely. Cables and 
apparatus may experience humidity 
extremes depending on climate and 
geographic location. Consistent, pre- 
dictable performance under any envi- 
ronmental condition is required of all 
the lightguide media and apparatus 
used in carrying fiber in the loop. 
Single-fiber splicing joins buried 
service or aerial drop fiber to the later- 
al fiber cable. Connectors terminate 
individual fibers both at the intercon- 
nect facility in the Remote Terminal 
and at a customer’s residence. Buried 
closures, above ground pedestals or 


aerial lightguide terminals store and 
protect splices. 


DISTRIBUTION CABLE 

AT&T’s distribution cables have 
either Lightpack® or ribbon cores. 
The Lightpack cable core design con- 
sists of multiple fiber bundles within a 
large-diameter filled tube. Up to 
twelve fibers go into a Lightpack cable 
unit or bundle; each is identified with 
a color-coded yarn binder. Up to eight 
units make up a cable core so that the 


total fiber count for Lightpack cables 
can be as high as 96 fibers. Ribbon 
cores contain stacks of twelve-fiber 
ribbons with a total count of up to 144 
fibers. Each fiber in a ribbon is indi- 
vidually color-coded. Both Lightpack 
and ribbon cores are filled with a wa- 
ter-blocking compound. The core 
structures are available in a variety of 
sheath options including metallic and 
nonmetallic crossply, primary rodent 
and lightning protected (RL), and the 
new lightguide express entry (LXE) 
sheath. 


SPLICES FOR DISTRIBUTION FIBERS 


The Enhanced Rotary Mechani- 
cal Splice (ERMS), the single-mode 
array and the Single-Mode Rapid 
Ribbon Splice (SRRS) are used for 
joining lightguide for distribution 
area applications. The ERMS (Figure 
3) is a single-fiber splice that can be 
passively aligned using the pre-align- 
ment tabs and an alignment tool, or 
actively aligned using a light source 
and a detector. Single-fiber spicing is 
required where drop cables are joined 
to lateral cables, for joining lateral ca- 
bles to each other (generally where 
the fiber counts are not integral multi- 
ples of twelve), and for repairs. 

The ERMS is ideal for all these 
applications because it requires no 


special equipment and is easy to in- 
stall. Average ERMS losses are about 
0.2 dB (Decibel), for passive align- 
ment and roughly 0.05 dB for active 
alignment. The passive alignment 
procedure requires five minutes per 
splice; active alignment typically re- 
quires about seven minutes per splice. 

The SRRS is used to splice up to 
12 fibers at a time and can be used for 
splicing Lightpack or ribbon cables. 
Where it is used to splice fibers in 
Lightpack cables, the fibers must first 
be formed into ribbons. (An exploded 
view of the SRRS is shown in Figure 
4.) The grooved substrate and cover 
are formed from glass-filled plastic. 
The continuous grooves insure precise 
alignment of the mating fibers that are 
joined on the substrate, and spring 
fasteners are used to hold the cover 
and substrate together. Twelve-fiber 
ribbon splices can be assembled in less 
than twenty-five minutes with the 
SRRS, and average losses are roughly 
0.45 dB per fiber splice. 

When cable lengths between 
spices are accurately known, factory- 
installed silicon chip array splices can 
be used. The single-mode array splice, 
like the SRRS, is used to join twelve fi- 
bers at a time. The splice consists of 
two silicon chips with precision- 
etched grooves and spring clips to 
hold the assembly together. It can be 
field-installed, and requires about two 
minutes per fiber. Average losses are 
0.5 dB per fiber splice. (See Figure 5.) 


In SLC Series 5 Carrier Fiber-to-the- 
Home applications, single-mode ST® 
connectors join the outside plant fi- 
bers to the transmission equipment in 
SLC Remote Terminals and at SLC 
Distant Terminals. Connectors can be 
field-installed on a single-mode fiber 
in less than fifteen minutes. Average 
losses for this connector are typically 
less than 0.4 dB. The body of the con- 
nector has a precision ferrule in a 
housing with a spring loaded coupling 











_ “Consistent, predictable-performance under any 
environmental condition is required of all the — 
lightguide used in carrying fiber-to-the-loop.” 
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mechanism to hold the fiber ends of 
mated connectors in direct contact. 
(See Figure 6.) 


FIBER TERMINATION FACILITIES 


The fiber in AT&T’s SLC Series 
5 Fiber-to-the-Home feature package 
terminates in ST connectors at the 
SLC remote terminals in Lightguide 
Cross-Connect, or LGX™ Cross- 
Connect shelves. This fiber termina- 
tion facility provides high density in- 
terconnect or cross-connect 
arrangements for the fibers. The LGX 
equipment is co-located with the 
transmission equipment in either a 
controlled environmental vault, hut 
or cabinet. Craftpersons no longer 
need to be dispatched to add new ser- 
vices or adjust the number of lines; 
this should result in significantly low- 
er operations and maintenance cost. 


SPECIFICATIONS AND TESTING 

All media products for AT&T’s 
SLC Series 5 Carrier Fiber-to-the- 
Home feature meet the rigorous envi- 
ronmental and physical specifications 
applied to components deployed in 
the outside plant network. They also 
meet new requirements of the digital 
loop, such as easy entry cable, passive 
splicing and a high-density fiber ter- 
mination facility. To field test these fi- 
ber optic cable and apparatus compo- 
nents, a distribution network was 
constructed at AT&T Bell Labora- 
tories in Chester, New Jersey. This 
test loop simulates a thirty-two build- 
ing distribution network. It field tests 
all components, develops mainte- 
nance and test strategies, and verifies 
distribution networks, hardware re- 
quirements and installation 
procedures. 


APPLICATIONS 

Local exchange carriers are in- 
troducing fiber to customers’ pre- 
mises based on revenue from basic 
service alone. This fiber can generate 
additional revenue in the future by 





“Subscribers will be able to receive higher bandwidth 
services in the future without facing the inconvenience 
of new cable installation on their properties.” 





carrying new services. While service 
over fiber must relate to current tariff 
rates, additional revenue may be pos- 
sible as new services become available. 
Narrowband services might include 
data transfer, fire and burglar alarms, 
medical alarms, meter reading, elec- 
tric and water load management, tel- 
ex, and FAX transport. Broadband 
services may include home video, dig- 
ital stereo, pay TV, high-speed data 
transfer, remote video security, video- 
text and large volume electronic mail. 
Eventually, high-definition television 
and demand access video services 
could be accessible. One single-mode 
fiber per customer has the capability 
to carry enough bandwidth to provide 
these potential services. 


FIRST STEP IN THE LAST MILE 

Customers are moving fiber op- 
tic technology into the last mile of the 
loop. Fiber in the loop will provide a 
more stable, reliable and flexible alter- 
native to copper pairs in distribution 
networks, and will eventually give 
subscribers a wide variety of narrow- 
band and broadband services. AT&T 
has a complete line of media and ap- 


paratus products to support an all fi- 
ber loop. These products include easy 
entry cables, low-loss splices and con- 
nectors, closures, and fiber termina- 
tion facilities. All components pass 
rigorous field tests simulating installa- 
tion and test procedures that they 
may experience in field applications. 
AT&T’s SLC Series 5 Carrier Fiber- 
to-the-Home feature is the first step in 
introducing residential customers to 
state-of-the-art fiber optic technology. 





Janice B. Haber is a member of the 
technical staff in AT&T Bell Labo- 





Jane W. Rogers is a senior product planner 
in the Lightguide Fiber and Cable Product 
Management group of AT&T Network 

Systems in Atlanta, Georgia. She works 











DAVID L. HOWELLS 
AT&T 


High Capacity Lightwave 
Technology Comes of Age 


In the early 1980s, when lightwave 
moved beyond research to initial appli- 
cations, the key technical issues were 
capacity, span length and performance 
potential. The first lightwave products 
had limited application—primarily 
high-capacity, interoffice use. Howev- 
er, these capabilities matched many 
customer needs. 

The lower cost and better perfor- 
mance of lightwave over other media in 
the interoffice market led to a move 
away from metallic facilities and for 
the first time offered a cost-effective ca- 
ble alternative that could compete with 
microwave radio. Now the interoffice 
placement of lightwave is ending its 
high growth period. Fiber in the loop is 
likely the next major market. (See Ar- 
ticle “Fiber In The Loop” in this is- 
sue.) More near term, however, are new 
applications of high capacity lightwave 
systems—FT Series G. 

Today, lightwave technology use is 
driven by the imagination of the cus- 
tomer and the flexible responsiveness of 
service providers. The focus is loop feed- 
er applications, restoration and simpli- 
fied Operations, Administration and 
Maintenance (OA&M). Specific fea- 
tures to address these new applications 
and environments are under develop- 
ment and will be available in the first 
quarter of 1989. 


THE FOUNDATION - FT SERIES G SYSTEM 
The FT Series G Lightwave Sys- 
tem is a high-capacity, digital optical- 
transport system that provides main- 
tenance options and other features, 
such as Wavelength Division Multi- 
plexing. At 1.7 gigabits per second 
(Gb/s), the FT Series G System is cur- 
rently the highest capacity lightwave 


system in large-scale production. The 
system is designed to upgrade installa- 
tions easily; as a result it is practical to 
convert systems initially operating at 
a line rate of 417 megabits per second 
(Mb/s) to 1.7 Gb/s while remaining in 
service. 

The FT Series G System has two 
basic parts: transmission, and opera- 
tions and maintenance. During trans- 
mission, DS3 signals enter a terminal 
where they are synchronized and 
multiplexed to the line rate and trans- 
mitted, possibly through one or more 
repeaters, to a far-end terminal, where 
the reverse process takes place. (DS3, 
which stands for digital signal, third 
level in the digital hierarchy, equates 
to transmission at 44.736 Mb/s.) 

If electronic failure occurs, ser- 
vice is ensured by protection lines. A 
protection line is a single 417 Mb/s or 
1.7 Gb/s line that is always on call to 
replace (protect) any service line asso- 
ciated with it. This applies to both 417 
Mb/s and 1.7 Gb/s line rates. A single 
protection line can support up to sev- 
en service lines. 

The terminal equipment con- 
tains the basic alarm and maintenance 
features. Additional features are pro- 
vided by a Telemetry Channel Con- 
troller (TCC) and a Line Repeater 
Bay Controller (LRBC) that are part 
of the embedded telemetry system 
and a telemetry remote. The TCC 
provides detailed performance moni- 
toring (number of errors, number of 
switch events and occurrence of Out 
Of Frames) for each DS3 carried by 
the system. 

Reports are coilected at intervals 
selected by the operator (1 to 15 min- 
utes). The TCC also uses information 
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provided by the LRBC to pinpoint the 
location of repeatered line failures. 
Craftspersons are dispatched to the 
correct repeater hut with greater than 
95% accuracy. Reports also collected 
and displayed are those from environ- 
mental alarms and status/control 
points at repeater sites along the 
route. 

The LRBC collects regenerator 
parameter data (including line errors, 
laser backface current and other data) 
from each regenerator and sends the 
information to both terminais. Send- 
ing information to both terminals is 
necessary to ensure access to this in- 
formation if a failure occurs. The 
LRBC also collects local environmen- 
tal alarm information, such as build- 
ing security, and provides an order- 
wire function. The telemetry remote 
collects data on terminal alarms, per- 
formance monitoring, fault locate, en- 
vironmental alarms and status/con- 
trol points from the line repeater sites, 
and sends this information to a cen- 
tralized Operations System. 

The FT Series G System can be 
upgraded from 417 Mb/s to 1.7 Gb/s 
while in service. This permits the new 
1.7 Gb/s lines to be tested after instal- 
lation, but before merging with the in- 
service system. It is possible to protect 
service lines operating at both 1.7 Gb/s 
and 417 Mb/s in the same protection 
group. This upgrade procedure has 
been used successfully on thousands 
of route miles of in-service FT Series 
G equipment. 


THE ENGINE FOR 
NEW APPLICATIONS - DQA 

The heart of a lightwave system 
is the lightwave terminal. AT&T hasa 
second generation terminal named 
the DQA (Dual Quadrant Assembly), 
that processes twice the number of 
DS3s in the same space as its prede- 
cessor. It uses over 50% less power 
than the first generation terminal, 
thus dissipating much less heat. Com- 
patible with existing installations, the 


DQA improves human interfacing for 
enhanced operation and maintenance 
functions, and sells for a lower price 
than preceding generation products. 

The FT Series G DQA contains 
two independent sections, each pro- 
cessing up to nine, two-way DS3 sig- 
nals. It can be operated as a lightwave 
line terminating system for 417 Mb/s 
operation, or it can be used with the 
Dual Lightwave Terminating Assem- 
bly (DLTA) for 1.7 Gb/s operation. 
Also, the DQA can be used with the 
existing Lightwave Terminating As- 
sembly (LTA) for single line 1.7 Gb/s 
operation. The two sections ina DQA 
are totally independent, including 
separate office battery input power 
connections. This independence en- 
ables one section to serve as a protec- 
tion unit while the other section oper- 
ates as a service unit. 

The DQA provides a complete 
1x1, 417 Mb/s system in a single as- 
sembly; additional service lines can be 
added to produce a full 1x7 system in 
a single bay. Because of its low power, 
the DQA has a free convection option 
(no fans) that is available for up toa 
1x5, 417 Mb/s system in a single bay. 
Any of the regenerators available for 
FT Series G equipment are compati- 
ble with the DQA/DLTA. This in- 
cludes the regenerators used in wave- 
length division multiplexing. 

The DLTA provides high-speed 
electronics and optics for two 1.7 Gb/s 
lightwave lines. When DQA is used 
with the DLTA, two 1.7 Gb/s 
lightwave lines can operate in the 
same bay. One bay can provide a com- 
plete 1x1, 1.7 Gb/s system (36 DS3 
capacity with fully redundant protec- 
tion). More service lines can be added 
in additional bays, each occupying 
half of a standard bay. 

A complete 1x7 protection group 
occupies only four dual terminating 
module bays. There is also an optional 
free-convection bay for a single 1.7 
Gb/s line. The DQA can be used to 
augment existing 1.7 Gb/s systems. 


LOOP FEEDER APPLICATIONS 

As lightwave capabilities have 
matured, so have digital loop carrier 
implementations. The arrival of loop 
carrier hubs and tapered configura- 
tions have placed new demands on the 
connecting transmission facilities. 
Many applications now require more 
than the two or three DS3s that can 
comfortably be accommodated by 
low capacity lightwave or multiplex 
systems. 

The loop carrier environment 
places special demands on high-ca- 
pacity lightwave systems. While 
equipment on one end is based in a 
central office, intermediate points and 
the customer end may be based in a 
controlled environmental vault or 
other central office environment. Net- 
work service providers want small ter- 
minals, low-power systems, front ac- 
cess and single-ended maintenance in 
their lightwave systems. The DQA al- 
ready provides the first two features. 

For sites with limited space, such 
as controlled environmental vaults, 
front access 417 Mb/s DQA and TCC 
shelves are available. The front access 
DQA can provide a 1x1 protected 417 
Mb/s system expandable to 1x5. 

With single-ended maintenance, 
only one end of a DQA needs a fully 
staffed office. From there, a craftsper- 
son can monitor and control all sys- 
tem functions, including the far-end 
terminal and DS3 loopback. All sys- 
tem failures are reported to the office, 
and all major and minor alarms are 
activated there. Telemetry interfaces 
serving the entire system may be pro- 
vided at either end of the DQA. The 
operations system report from either 
end includes terminal alarm, status, 
and control displays from both ends 
of the DQA. 

When the system is not config- 
ured for single-ended maintenance, 
the craft interface can still communi- 
cate with the far end of the DQA. 
However, major and minor alarms for 
far-end failures cannot be activated, 








‘Today, lightwave technology use is driven by 
the imagination of the customer and the flexible 
responsiveness of service providers.” 
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and displays for far-end alarm, status, 
and control will not be available. The 
embedded telemetry system will not 
be required to use single-ended main- 
tenance for DQAs; its capabilities are 
also available in a front access shelf. 
This feature will be provided for both 
417 Mb/s and 1.7 Gb/s DQA systems, 
including those using line repeaters. 


REMOTE SWITCHING MODULES WITH 
OPTICAL INTERFACES 

As with loop carrier applica- 
tions, remote switching modules 
bring the concentration function clos- 
er to the customer. These modules can 
also provide a within area switching 
capability independent of the host 
switch. As remote switching modules 
have evolved, they have incorporated 
optical interfaces so that lightwave fa- 
cilities can be used to connect the 
module to the host switch. 

It is typical for the host and re- 
mote to have their own protection 
switching capability. Since protection 
switching is done external to the 
lightwave equipment, the lightwave 
facilities must be able to operate in an 
unprotected mode. This mode is char- 
acterized as a OxN configuration. The 
0 indicates that there are zero protec- 
tion channels for the N service lines. 

This feature provides appropri- 
ate alarms and craft indications for 
unprotected service lines at either 417 
Mb/s or 1.7 Gb/s. During unprotect- 
ed operation, a major alarm will be 
declared whenever there is a transmis- 
sion failure or out-of-frame, or if the 
transmission error rate exceeds 10’ on 
a tributary (DS3 channel). Equipment 
failures remain isolated just as in pro- 
tected operation. The unprotected op- 
tion does not interfere with the em- 
bedded telemetry system in any way. 
The system alarm status and control 
set is the same in unprotected opera- 
tion as it is in protected operation. 


RESTORATION 
Placing more traffic over a single 
transport system, even over a single fi- 
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ber pair, greatly increases the risks 
and costs of downtime. The protec- 
tion switching capability of most 
lightwave systems guards against fail- 
ure in the terminal or repeater 
electronics. 

The FT Series G System has a so- 
phisticated protection switching capa- 
bility. However, outside plant events 
can cause outages that protection 
switching is powerless to resolve. For 
example, if a backhoe were to dig up a 
conduit containing 24 fiber pairs (two 
pairs of which are carrying 1.7 Gb/s 
of traffic from an FT Series G Sys- 
tem), because both the service fiber 
and the protection fiber are typically 
contained in the same sheath, both the 
protection and service lines would be 
taken cut of service. Hours of outage 
while the fiber is being repaired are 
costly and raise questions about the 
capability of a service provider to 
maintain high quality service. Three 
restoration applications have been de- 
veloped to address this problem: Spa- 
tial Diversity Routing, Ring Diversity 
Networks and Protection Access 
Cross Connect Systems. 


SPATIAL DIVERSITY ROUTING 

Major hub-to-hub links can be 
installed with diverse protection 
routes to retain some or all network 
traffic during a major cable failure. 
Links to large customers with sensi- 
tive traffic are also suitable candidates 
for diverse routing. If a network resto- 
ration plan with electronic cross con- 
nect capabilities at the DS-3 level, 
such as the Digital Access and Cross- 
Connect System III is used, links to 
specific customers can be protected by 
diverse routing either on another ca- 
ble or digital microwave radio. (See 
article on digital radio in this issue.) 

The FT Series G System sup- 
ports diverse routing where the ser- 
vice fiber and the protection fiber 
pairs of a 1.7 Gb/s or 417 Mb/s sys- 
tem travel through different cables 
and geographically diverse routes. 


This configuration allows the system 
protection switch to protect the fiber 
optic cable as well as the electronics. 
While connecting the same end termi- 
nal offices, these diverse paths may be 
of different lengths and contain differ- 
ent numbers of repeater sites. Full 
telemetry support is available for both 
paths. 

If one or both paths require re- 
generation and an embedded teleme- 
try system is needed, two embedded 
telemetry systems are required—one 
for each of the diverse routes. For 
each path, the line (service or protec- 
tion) has a Telemetry Access Repeat- 
er Assembly at each repeater site. 
Each site also requires a line repeater 
bay controller, and each path requires 
a telemetry channel controller at the 
end points. This configuration pro- 
vides a telemetry channel to monitor 
the system’s status along each path. 


The FT Series G Ring Diversity 
capability allows the FT Series G Sys- 
tem to operate with counter rotating 
protection. In a ring architecture, the 
FT Series G System transmission fa- 
cilities are deployed as unprotected 
point-to-point connections around 
the ring. The FT Series G Ring Diver- 
sity Switch provides a copy of an in- 
coming DS3 so that the signal is sent 
in one direction around the ring and 
the copy is sent in the opposite direc- 
tion. At the exit point for the DS3, the 
diversity switch evaluates the service 
signal. Based on Alarm Indication 
Signal, out-of-frame detection, or a se- 
lected bit error rate, the diversity 
switch can choose the protection 
signal. 

Switching to the protection 
channel can be done in the standard 
50 milliseconds, or delayed to allow 
other protection facilities to settle. 
Even though the protection switching 
capability of the transmission termi- 
nal has been disabled, the complete 
system monitoring set is retained 


along with all internal shelf diagnos- 
tics and fault isolation capabilities. 
Because the transmission facilities are 
operated without protection in the 
traditional sense, any failure of the 
transmission path will sound a major 
alarm in the terminal offices for that 
system, even though the ring diversity 
switch issues only a minor alarm if it 
is successful in switching around the 
failure. 


PROTECTION ACCESS CROSS CONNECT 


This feature establishes precon- 
figured access to the protection line as 
an option for the protection switching 
arrangement in the FT Series G ter- 
minal. Protection channels on many 
FT Series G System sections (all con- 
figured in the restoration access 
mode) can be cross-connected in tan- 
dem to form potential paths to pro- 
vide additional network protection. 
Should the need arise, any channel 
section could allow access to the pro- 
tection facility for restoration pur- 
poses instead of providing automatic 
protection switching to associated ser- 
vice facilities. 

If a need for restoration should 
arise, protection switching could be 
locked out locally or remotely via 
commands to the affected terminals 
along the path. Standard DS3 perfor- 
mance monitoring continues to be 
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FT SERIES G LIGHTWAVE SYSTEM 
GIVEN NATIONAL AWARD 

The National Communications 
Forum recognized twelve new tele- 
communications products in 1988 
with its ComForum Award. AT&T 
received three awards, including one 
worded: 

AT&T's Network Systems’ FT Se- 
ries G, 1.7 Gb/s Lightwave System ad- 
vances state-of-the-art, mass-produc- 
tion, high-capacity lightwave systems to 
the highest level ever achieved. 

The award was given on October 
3, 1988, and is one of the most presti- 
gious in the telecommunications in- 





dustry. ComForum Awards are pres- 
ented on the basis of a product’s 
innovation, uniqueness, market im- 
pact and customer benefits. 














“AT&T continues to explore new designs and 
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available for any traffic carried on the 
restoration/protection channel. This 
feature is offered in systems with or 
without the embedded telemetry 
system. 


SIMPLIFIED OA&M 


As more service providers install 
fiber optic facilities, operations and 
maintenance needs are changing. The 
FT Series G System rarely has major 
failures and often operates without a 
problem for many months. However, 
a mix of service providers point to a 
critical OA&M requirement: the need 
for user friendly interfaces to the 
equipment. 

Craftspersons should be able to 
work with elements of the FT Series 
G System quickly and with minimal 
difficulty. A new Craft Display Man- 
ager (CDM) has been developed for 
this purpose. The friendly interface 
concept is extended to multi-span ap- 
plications, where one terminal office 
can monitor activities at other offices. 


CRAFT DISPLAY MANAGER SOFTWARE 

The CDM is an MS-DOS +, per- 
sonal computer-based software prod- 
uct with a user-friendly, menu-driven 
equipment interface. An explanatory 
screen is present at start-up and help 
screens are available at every level of 
the program. The command menus 
prompt the user in English, without 
requiring knowledge of the com- 
mands or their syntax. The CDM is 
compatible with the DDM-1000 (an 
AT&T multiplex product) or with 
general RS-232 terminations, as well 
as the FT Series G System. 

When selecting what equipment 
to address, users select the category of 
command to execute. Commands are 
grouped into categories common for 
each shelf: display information, modi- 
fy configuration, perform mainte- 
nance and perform tests. Succeeding 
levels of commands guide users 
through the tasks they wish to accom- 
plish while illustrating proper com- 


mands. After constructing the desired 
command, the user may review it be- 
fore it is sent to the equipment for 
execution. 


MULTI-SPAN CRAFT DISPLAY 


This feature allows several main- 
tenance span craft displays to operate 
from a single point in the network. All 
capabilities accessible through the 
craft interface at the terminal equip- 
ment are accessible from any point in 
a chain of maintenance spans. Cus- 
tomers may use multi-span operation 
when they have several tandem main- 
tenance spans they wish to maintain 
from a single point. As an example, in 
a network with two major offices and 
several smaller offices between them, 
craft display information and capabil- 
ities from the smaller intermediate of- 
fices can be made available at both of 
the major offices. 

This feature provides mainte- 
nance access to ten span terminal lo- 
cations from any terminal location in 
the chain, including any intermediate 
regeneration sites between the termi- 
nal sites. Users have remote access to 
all craft display information and con- 
trol of all features normally available 
at the terminal equipment. 

No autonomous alarms are 
raised for failures in other spans; how- 
ever, the craftsperson can query the 
other terminals, but office alarms will 
show only local failures. Multi-span 
craft display capability supports 417 
Mb/s or 1.7 Gb/s systems up to their 
full capacity, whether protected or 
unprotected, and with or without line 
repeater stations. Each separate ter- 
minal location still requires direct ac- 
cess to the Operations System if this 
feature is required. 


FT SERIES G SYSTEM MEETING THE NEED 
When high-capacity lightwave 
technology adds capabilities to meet 
additional customer needs, it must 
also perform established tasks better. 
Where capacity growth is needed, a 


1.7/1.7 wavelength division multi- 
plexing capability is available, using 
the same terminal, telemetry and re- 
peater equipment with the addition of 
a regenerator (transmitter/receiver) 
and filter assembly. The two different 
wavelengths used are centered on 1.31 
micrometers and 1.55 micrometers. 

AT&T continues to explore de- 
signs and technology for even higher 
capacity systems for the early 1990s. 
Various power regenerators are being 
developed with a reach of 38 km. to 80 
km. and up to 120 km. A 120-km. re- 
generator is available for 417 Mb/s 
applications only. Clear channel, M13 
formatted, framed and unframed, ca- 
pabilities are available. Customers 
have flexibility in the types of traffic 
carried by the FT Series G System. 

A family of distributed feedback, 
laser-based regenerators and trans- 
mitters will be offered. These prod- 
ucts will provide flexibility in optical 
fiber plants on which the FT Series G 
System may be deployed. Additional 
orderwire channels will be available 
on the service line (currently the FT 
Series G System handles orderwire on 
the protection line). This allows cus- 
tomers the flexibility of either protect- 
ing their orderwire channels or dou- 
bling the channels available. 

With the FT Series G System, 
network service providers can meet 
current needs, explore new revenue 
generating opportunities and start 
cost saving applications; at the same 
time they have the ability to meet fu- 
ture applications needs. 





David L. Howells is manager of 

Transmission Products Plan- 

ning—Next Generation 

Lightwave Systems Product 

Management at AT&T Net- 
work Systems in Andover, Massachusetts. 
His organization is responsible for lightwave 
systems beyond FT Series G. Mr. Howells 
joined AT&T in 1971 and has an MSEE de- 
gree from the University of Lowell and an 
MBA from Northwestern University. 





+MS-DOS is a trademark of Microsoft Corp. 
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SKYNET Satellite 
Services— New Choices 


For Data Networking 


Data networking customers have a va- 
riety of service options to choose from 
today: dedicated private lines, dial-up 
facilities, and public or private packet- 
switched networks. The transmission 
media can be twisted-pair or coaxial 
cable, optical fiber, microwave radio, or 
satellites. Satellite systems, until re- 
cently, haven’t been used much be- 
cause of the cost of earth station equip- 
ment. But recent advances in 
technology for the 14/12-Gigahertz 
Ku-frequency band and small, low-cost 
earth stations have stimulated new in- 
terest in satellites. AT&T’s SKYNET® 


Service family of products includes ev- 
erything—plus access to the “bird” — 
needed to get a satellite data network 
up and running. 


The importance of data networks 
to businesses has increased signifi- 
cantly in recent years. From the 
standpoint of capital investment and 
operating costs, such networks can 
have a major effect on a business’s fi- 
nancial performance. Designing a net- 
work and optimizing its performance 
are the responsibilities of corporate 
MIS and telecommunications manag- 
ers who must weigh these factors dur- 
ing the planning process: 

C) Expenses over a five- to seven- 
year period; 

C The need to reach areas having 
limited data services, such as private- 
line service or Digital Data Service; 

CJ Frequent opening and closing 
of remote business locations; 

C) Increased complexity of inter- 
acting with various carriers, such as 
local phone companies and service 
providers; 

C The need of MIS managers to 


control network operations; and 

CA proliferation of applications, 
such as electronic mail, point-of-sale 
credit-card verification, and billing. 

Thus, the choice of the right 
transmission technology is a major 
concern in satisfying these require- 
ments. A satellite-based network is 
unique among transmission media be- 
cause its signals are broadcast over a 
wide area—the satellite’s footprint. 
This network, therefore, is a conve- 
nient way to deliver information di- 
rectly to the premises of one or more 
customer locations. Virtually any user 
within the footprint can easily access 
the network, and the cost of commu- 
nicating between locations within the 
footprint is the same. 


AT&T OFFERINGS 


AT&T has two interactive data- 
network offerings using satellite 
transmission: SKYNET Star Network 
Service and SKYNET Clearlink Ser- 
vice. Both offer reliable, high-quality 
data communications for star-net- 
work topologies. That is, connections 
are provided among many remote 
sites and a central hub. Services pro- 
vided to the many remote locations 
are similar to those provided by tradi- 
tional polled multidrop lines. 

The services are transparent to 
the customer’s computer system, can 
support all standard protocols, and 
are designed with an open architec- 
ture for easy integration with terres- 
trial services. The SKYNET Star Net- 
work Service is designed for 
customers with enough remote sites— 
usually 300 or more—to justify a ded- 
icated hub earth station. Clearlink 
Network Service emphasizes the 











shared hub capabilities for the benefit 
of customers with fewer remote sites. 

AT&T provides all network 
components, including hardware, 
space segment, software, mainte- 
nance, installation, engineering sup- 
port, and contract prices for five- and 
seven-year terms. 


SATELLITE BENEFITS 

A satellite-based network can be 
free from multiple service providers 
and construction schedules for terres- 
trial routes. Transmission costs are 
more stable, and remote sites can be 
located and moved anywhere within 
the satellite’s footprint at the custom- 
er’s discretion. The integrated service 
provider, such as AT&T, becomes the 
customer’s single point of contact. 
Since the customer can own all the fa- 
cilities except the satellite, the cus- 
tomer can assume more responsibility 
and control over network 
management. 

Satellite systems can also accom- 
modate the rapid growth in new appli- 
cations, such as electronic mail. The 
design of the entire system is an open 
architecture with software-defined 
features and modular units. Applica- 
tions and associated protocols can be 
added with software. Capacity can be 
increased with additional customer- 
owned equipment and transponder 
bandwidth. And bandwidth can be 
obtained more readily than with ter- 
restrial transmission facilities. 

Very-small-aperture-terminal 
(VSAT) communication networks 
operating in the 14/12-GHz Ku band 
have overcome the former limitations 
of satellite communications, for ex- 
ample: the effects of signal propaga- 
tion delay, security, and initial capital 
costs, with costs being the major de- 
terrent. VSAT communication net- 
works operating in the Ku band are 
not affected by interference from ter- 
restrial microwave signals as are net- 
works using the traditional C band 
(6/4 GHz). Thus, the Ku band per- 


mits the use of higher power transmis- 
sion levels and smaller, less costly an- 
tennas. The diameter of a typical 
VSAT antenna is 1.8 meters—about 6 
feet. 

Because so many customer- 
owned mainframe computers, typical- 
ly located at a centralized data center, 
are linked to many geographically dis- 
persed remote terminals, satellite ven- 
dors have concentrated on designing 
networks with star topologies. Since 
satellite systems transmit over a wide 
range of speeds to a large number of 
remote sites simultaneously, they pro- 
vide good communication paths from 
the centralized hub to the remotes. In 
the other direction, many indepen- 
dent remotes normally share common 
inbound satellite channels. Several 
multiple access techniques are avail- 
able to effectively share these inbound 


channels for a variety of traffic profiles. 


The hub is a customer-owned 
earth station, or a shared earth station 
on a vendor’s premises, that transmits 
and receives a range of data and video 
services. The customer can access the 
hub on the vendor’s premises using 
terrestrial facilities or another satellite 
link. The remote earth stations are at 
the customer’s premises and commu- 
nicate with the hub via satellite 
channels. 

The VSAT technology can be 
less expensive, in many situations, 
compared with the end-to-end cost 
for terrestrial multipoint private-line 
networks for two-way data, or one- 
way broadcast data services. In addi- 
tion, a satellite network offers the add- 
ed capability of one-way broadcast 
video service at a small incremental 
cost. This application is not available 
in terrestrial technologies at a com- 
petitive cost. Some typical applica- 
tions of each service that are available 
individually, or simultaneously in any 
combination are: 

CL) Two-way data service. This is 
characterized by short inquiries from 
a number of remotes, with corre- 


sponding longer responses from the 
host. Applications include inventory 
control, credit checking, account up- 
dating, alarm systems, reservation 
systems, and point-of-sale 
transactions. 

The service can handle occasion- 
al batch transfers of data; however, it 
is not intended as a pipeline for a 
steady movement of bulk files. A dedi- 
cated duplex channel between two 
sites, such as that provided by the 
SKYNET Digital Service, is better for 
these pipeline applications. 

LC) One-way broadcast data. This 
capability, as well as one-way broad- 
cast video, provides a transmission 
path from the hub to all or a group of 
remote sites. Broadcast data is either 
sent on a dedicated carrier or integrat- 
ed on the same carrier as the interac- 
tive data. Applications include price 
sheet updates, stock quotes, insurance 
policy information, news, text, and 
graphics. 

LC) One-way broadcast video. 
This service supports operations in ei- 
ther a compressed-digital or a full-an- 
alog mode. Typical applications in- 
clude teleconferencing, product 
announcements, demonstrations, 
training, and client seminars. 


SYSTEM OVERVIEW 

A satellite in geostationary orbit 
acts as a relay station between the hub 
and remote earth stations. (See Figure 
1.) Any analog signal in the Ku-band 
uplink frequency range of 14.0 to 14.5 
GHz that is properly directed at the 
satellite is collected by its antennas, 
amplified, converted to the downlink 
frequency range (11.7 to 12.2 GHz), 
and retransmitted by a transponder. 
The transponder has a bandwidth of 
36 or 54 MHz in the uplink and down- 
link frequency ranges and has either a 
vertical or a horizontal polarization. 
The quantity of transponders and 
available power determine the satel- 
lite’s transmission capacity. The satel- 
lite footprint depends on the satellite’s 








longitudinal position and the satellite 
antenna’s characteristics. 

At each earth station, an antenna 
aimed directly at the satellite receives 
all its signals. The parabolic dish fo- 
cuses the signals into the radio-fre- 
quency (RF) feed. The RF feed re- 
ceives only those signals that are 
within the Ku band of frequencies and 
with a particular polarization. The 
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low-noise block downconverter 
boosts the level of the received signals, 
and converts the entire Ku-band spec- 
trum to the 950 to 1450 MHz frequen- 
cy range. Additional downconversion 
equipment selects a portion of the full 
frequency range and centers it on 70 
or 140 MHz for the demodulator. 
The demodulators for the data 
services extract carriers from the 


downconverted frequencies, produce 
the baseband signals, and deliver the 
baseband signals to the next compo- 
nents in the signal path. For the video 
service, the output of the 950 to 1450 
MH conversion step is delivered to 
the video receiver. 

For signals going to the satellite, 
the modulators translate binary bit 
streams to digitally encoded analog 





Descrambler 
(optional) 


RF/IF Equipment 








carriers. The outputs of the modula- 
tors are then converted up to the Ku 
band. Upconverters position the out- 
puts of the modulators (centered on 
70 or 140 MHz) in the uplink frequen- 
cy range, and high-power amplifiers 
increase the levels of the signals. The 
parabolic dish focuses signals from 
the RF feed into a narrow beam point- 
ed toward the satellite. 

The modulation method typical- 
ly used is phase-shift keying with for- 
ward error correction. For two-way 
data, the signals from the remotes to 
the hub are intermittent; therefore, 
burst modulators and demodulators 
are used at the remotes and hub, re- 
spectively. The carrier and synchroni- 
zation are established only when data 
is being sent. 

For analog video, the video excit- 


er frequency modulates a 70-MHz 
carrier with a 525-line NSTC color 
video signal and two audio channels, 
or a composite signal from a scram- 
bling unit. The 70-MHz carrier is con- 
verted to the 14-GHz band, and the 
signal is then fed to a high-power am- 
plifier. Analog video permits the use 
of low cost TV monitors rather than 
expensive digital coders/decoders 
used in the compressed digital trans- 
mission scheme. When the video sig- 
nal is combined with those from other 
services, the same high-power ampli- 
fier can be used if power is available. 


Two-Way Data 

As with multipoint lines, facili- 
ties are shared because traffic is inter- 
mittent; therefore, each remote does 
not require significant traffic capaci- 


ty. Satellite channels are accessed by a 
variety of methods and use virtual cir- 
cuits so that capacity can be shared by 
many users. The outroute channel 
uses time division multiplexing 
(TDM) to interweave many users on a 
continuous bit stream. The associated 
inroutes incorporate different types of 
access methods, depending on the 
traffic patterns. (See the panel on this 
page.) 

A two-way data network con- 
sists of transmission and data subsys- 
tems. The transmission subsystem 
provides and manages the reliable 
transport of information between the 
hub and the many remotes. The data 
subsystem routes the information to 
the specified user device and inter- 
faces with the customer’s network 
equipment. 





AT&T's master earth station (hub) at 33 Thomas St. in New York City provides two-way data, broad- 
cast-data, and broadcast-video services on a shared basis. 


The systems are software defin- 
able to accommodate an array of cus- 
tomer requirements, such as line 
speed and character sets. Variables 
such as user interface parameters, ac- 
cess methods, and supported proto- 
cols can be configured with few or no 
hardware configuration changes. 

The control units collectively 
manage and monitor all activities on 
the outroutes and inroutes. Each con- 
trol unit at the hub is responsible for 
one channel and interacts with the re- 
mote control units assigned to that 
channel. Functions include adminis- 
tration of access to the channel, provi- 
sion of common timing, formation of 
several data frame fields, initial ad- 
dress recognition, and error detection. 

The switching modules at the 
hub provide the concentration, distri- 
bution, and expansion between many 
remotes and the front-end processor 
ports. A flexible connection permits 
the routing of information from any 
VSAT port to any front-end processor 
port. 

An interface at each side of the 
network accepts and delivers the us- 
er’s information, using the customer’s 
native communications protocol, and 
emulates the devices normally con- 
nected to the customer equipment via 
terrestrial lines. This emulation tech- 
nique, also called protocol spoofing, 
determines which terminal has some- 
thing to send, or whether a terminal is 
ready to receive. This spoofing tech- 
nique eliminates polling traffic over 
the satellite link. It also reduces the 
amount of space segment (the allocat- 
ed satellite bandwidth) used as well as 
the response time. The network inter- 
face at the hub responds to polls from 
the front-end processor as though it 
were the user’s cluster controller at- 
tached to a VSAT. The network inter- 
face at the VSAT polls all the user’s 
attached cluster controllers as though 
it were the front-end processor. 

Virtual circuits establish end-to- 
end communication paths through 
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the interface and switching nodes. 
The routing information is added to 
the messages when they enter the sat- 
ellite network. Then each appended 
message is enclosed in a high-level 
data-link control (HDLC) frame—a 
standard protocol format—for trans- 
mission over the network. 

Besides the standard HDLC 
headers and trailers, other fields may 
be included to differentiate one user 
network from another, to identify the 
destination, to assure the alignment of 
HDLC frames with time division 
multiple access (TDMA) slots, to as- 
sist hub demodulators in locking on 
burst signals, and to exchange house- 
keeping information. 

When an HDLC frame is broad- 
cast from the hub via the TDM ou- 
troute, it is received by all the remote 
sites tuned to the outroute frequency. 
Each site reviews the TDM address 
field and accepts all frames for that 
site. The frame then is checked for er- 
rors. If any are detected, a request for 
retransmission is sent to the source of 
the frame. 

A selective-reject technique is 
used over the satellite link. In this 
technique, a number of frames can be 
outstanding, and the source retrans- 
mits only those frames received with 
errors. Error-free frames are stripped 
down to the routing and message con- 


tents by the control units. The routing 
information is then removed by the 
switching and/or interface units, and 
the original message is presented to 
the specified port. 

A network management system 
is integral to a two-way data network. 
Network management provides the 
capabilities for configuring equipment 
with network parameters, monitoring 
the real-time status of the network, 
performing diagnostics, and collect- 
ing network performance statistics. 
With a satellite-based network, cus- 
tomer control can include all network 
management functions except the as- 
signment of carrier frequencies. 


One-Way Broadcast Data Service 

For stand-alone service, a single 
carrier is transmitted from the hub to 
many receive-only remotes. The re- 
motes have the receive portion of the 
RF/IF equipment and a data receiv- 
er. The data receiver (single-carrier 
per channel service demodulator) 
converts the 950-1450 MHz signal 
down in frequency and demodulates 
it. 

When combined with two-way 
data, the broadcast data can be pro- 
vided as described above or multi- 
plexed in the two-way data outroute 
channel. The deciding factor is typi- 
cally the effect of the broadcast data 


on the two-way data performance. 
Available options are demodula- 
tion at the hub to enable the hub to lis- 
ten to its own broadcasts, encryption 
to make broadcasts secure from unau- 
thorized personnel, and addressing to 
discriminate among authorized users. 


One-Way Broadcast Video 

A full-motion color analog signal 
and an audio channel are transmitted 
from the central hub. At the remote 
sites video receivers tune in the broad- 
cast from the 950-1450 MHz conver- 
sion output, and the picture can be 
viewed on a standard TV set. Option- 
al features include scrambling and 
addressability. Scrambling provides 
privacy and security, and addressable 
decoders give the customer the ability 
to control which locations will receive 
a particular video broadcast. As with 
data broadcasts, video broadcasts can 
be viewed at the hub with a TV receiv- 
er or video monitor. 

The video service requires a full 
transponder, which can be leased in 
increments of time. Reservations are 
made either on a short-term first- 
come, first-serve basis or on a yearly 
set-time-of-day, day-of-week basis. 


The criteria used most often to 
assess the performance of a satellite 
communication system are availabil- 
ity and response time. Availability is 
the percentage of a particular period 
of time that a system is able to oper- 
ate. Most service providers claim a 
network availability of greater than 
99.5 percent. (This network availabil- 
ity doesn’t include responsibility for 
customer equipment.) 

Availability will depend on net- 
work equipment reliability and redun- 
dancy, the time required to identify 
and correct problems, and the link de- 
sign. The design of the link takes into 
consideration the power originating 
from the source, the losses encoun- 
tered in transit, and the effectiveness 
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in capturing the signal at the destina- 
tion. The most significant loss is from 
heavy rain and can be estimated based 
on geography. 

The user response time can be 
defined as the interval between a user 
starting a transmission, by pressing a 
key on a terminal, and the reception at 
the terminal of the last character of a 
reply from the host. The major factors 
affecting the response time are the 
sizes of the inbound and outbound 
user messages, data rates between sys- 
tem components, equipment queuing 
and processing delays, inroute access 
method, propagation delay, number 
of drops per front-end processor port, 
and number of anticipated retrans- 
missions. The network response time 
does not include terminal-to-cluster 
controller transmission time, cluster 
controller queuing and processing 
time, and host processing time. 


INSTALLATION 


Deployment of a VSAT requires 
a site survey, site preparation, and in- 


stallation. The survey determines the 


location that will give the antenna a 
clear path to the satellite, the type of 
mount required, as well as cable 
lengths and routing. Not included in 
the site survey are architectural and 
engineering analysis of whether the 
site will bear the antenna weight and 
windloading, and obtaining landlord 
and zoning approvals. 


Very-small-aperture terminals 
and Ku-band satellite technology 
have made it more feasible to use sat- 
ellite-based systems in private net- 
works, especially as replacements for 
multidrop lines. This technology is 
making more and more businesses 
consider such benefits as increased 
stability of expenses over a five- to sev- 
en-year period, reaching areas with no 
digital services, and having greater 
control of network management. 

Vendor evaluation should con- 
centrate on the overall performance 
and data handling capabilities of the 
system. Evaluation also should exam- 
ine the system effectiveness in using 


channel capacity, interfacing with 
present network devices, supporting a 
variety of protocols and access meth- 
ods, and connection capabilities with 
other systems. 

AT&T’s ability to design, imple- 
ment, and maintain a large complex 
network, and commitment to provide 
quality customer service, give it the 
edge as a vendor of satellite services. 
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So they can adapt to changing needs 
and handle a full range of voice, data, 
and image applications efficiently, to- 
morrow’s communication networks 
will require increasing levels of custom- 
er control and network management, 
integration, and service flexibility. To 
meet these needs, AT&T has been de- 
veloping an advanced technology, 
based on packet switching, that pro- 
vides a powerful logical structure. 
Called wideband packet technology, it 
extends packet switching of data to 
voice and to images. 


Today’s communications mar- 
ketplace is made up of increasingly so- 
ohisticated users with a full range of 
voice, data, and image transmission 
needs. Large business users, in partic- 
ular, have diverse types of traffic and 
require extensive control and resource 
management by the user, adaptability 
to changing needs while protecting 
current investments, cost effective- 
ness, and increasing levels of security 
and reliability. 

Packet switching, with its power- 
ful logical structure and bandwidth 
flexibility, is well suited to these di- 
verse and changing requirements. 
Consequently AT&T has been explor- 
ing a new, high-speed—or wide- 
band—packet technology (WPT). It 
extends packet switching, originally 
developed for data communications, 
to voice, very-high-speed data, and 
image services (See Panel, page 33 ). 

WPT builds on and expands the 
Integrated Services Digital Network 
(ISDN) concept. It is thus a key tech- 
nology for helping to deliver tomor- 
row’s Universal Information Services, 
AT&T’s long-term program guiding 
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the evolution of network products. 
And WPT is expected to migrate into 
customer premises equipment. 

The basic network elements of 
WPT are the unit that packetizes inte- 
grated traffic (analogous to the packet 
assembler/disassembler for an X.25 
network) and the switching unit (see 
Figure 1); they may be separate or 
combined. The packetizing unit inter- 
faces with conventional inputs at the 
“edge” of the network, and creates 
packets in a common format for voice, 
data, or images. The switching unit 
multiplexes and routes the packets 
onto digital transmission facilities, 
and does the reverse when receiving 
packets from the network. 

Links in a wideband packet net- 
work operate at high rates, typically 
1.544 megabits per second (Mb/s)— 
DS1—or higher. These links simplify 


network protocol by eliminating error 
recovery techniques inside the net- 
work. In the case of voice, informa- 
tion is usable even with some bit er- 
rors. For data, end-error recovery is 
moved to the user terminal equip- 


ment. High-speed links, together with 
the excellent error performance of 
digital facilities, make this the pre- 
ferred strategy. 

Current data packet switching 
systems typically have cross-switch 
delays of 15 to 35 milliseconds, with 
larger packet switches able to handle 
loads of 1000 to 10,000 packets/sec- 
ond. In contrast, new experimental 
wideband packet switches have delays 
of only a few milliseconds per switch, 
and can handle millions of packets/ 
second. The large number of packets 
(and digits) per second makes for high 
information-carrying capacity—or 
bandwidth. 


WIDEBAND PACKET'S BENEFITS 


The ability to carry voice effi- 
ciently and with good quality is essen- 
tial for a wideband packet network, 
but digital integration and packet 
flexibility are the key to customer 
benefits such as: 

CJ Service flexibility. A wideband 
packet network is inherently more 
flexible than a conventional network 


FIGURE 1: WIDEBAND PACKET NETWORK 


In a wideband packet network, packetizing units integrate voice, data, or image 
traffic into a common packet format. The packetizing units are connected via high 
speed links with packet switches, which route the packets to their destinations. 
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because it provides dynamically allo- 
cated bandwidth for any application 
up to the bandwidth limit of the ac- 
cess “pipe.” Thus, unforeseen services 
can be handled, and delays are kept 
very low for packet communications. 

CZ Integrated applications. A 
common packet format makes possi- 
ble applications where voice, data, 
and image are used together in a syn- 
ergistic way. An example is the simul- 
taneous editing and discussion of a 
document by people at different 
locations. 

C) Customer control/network 
management. AT&T’s approach to 
WPT gives the customer a variety of 
fast-acting control mechanisms to 
perform the best network manage- 
ment. Depending on customer needs 
and network status, priority trade-offs 
can be implemented instantaneously 
or automatically, giving priority to 
delay, bandwidth, or freedom from 
errors. 

C Operational simplicity. By 
providing a common framework for 
voice and data and other traffic, WPT 
can allow a single network to be de- 
signed and operated, with significant 
benefits compared to multiple net- 
works. These result in reduced main- 
tenance expense, as well as reduced 
provisioning expense, due to the logi- 
cal provisioning of circuits. 

WPT also allows many “perma- 
nent” virtual circuits (analogous to 
private lines) to be specified with little 
penalty. This permits “soft reconfi- 
guration” through the selection of ap- 
propriate circuits at endpoints to han- 
dle time-of-day reconfiguration. Or it 
allows access to these circuits at all 
times, letting the network respond 
continuously and automatically to 
noncoincident traffic patterns. This 
simplifies the data needed to handle 
preplanned or normal noncoinci- 
dence, minimizes coordination of 
many elements, and provides better 
performance in the face of forecasting 
uncertainty. 





Wideband Packet Network 





“Links ina wideband packet network operate at 
high rates, typically 1.544 megabits er 
DS1—or higher.” 


FIGURE 2: PACKETIZING SPEECH 





Under control of a signal classifier and speech detector, digitized voice samples are collected and put in 4 packet with timing data 
for transport to the receiving end. Reconstruction results in a high quality:rendition of the input voice signal, delayed only slightly. 
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FIGURE 3: WIDEBAND PACKET FIELD EXPERIMENT 


AT&T conducted a field experiment of prototype wideband packet equipment 
that linked three AT&T locations around San Francisco. 
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@ Fast Packet Switch 


WPT also provides powerful ca- 
pabilities for restoring circuits around 
failed links or switching nodes. When 
there’s a failure, each node can very 
rapidly update its own map informa- 
tion to route around the failure. 
Again, the network coordination re- 
quired here is less than in a circuit 
cross-connect network, as circuits are 
logical, and overload controls can 
handle any traffic problems efficient- 
ly. And recovery can be rapid enough 
to maintain data sessions or voice 
calls. 

CJ Network efficiency. WPT re- 
duces the basic cost of network equip- 
ment and transmission services or fa- 
cilities, in particular for large, 
geographically dispersed networks. 
Due to compression and integration 
efficiencies, source information can be 
compressed by sending only necessary 
bits. For example, adaptive differen- 
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tial pulse code modulation (ADPCM) 
with digital speech interpolation pro- 


vides 4:1 or greater voice compression. 


HOW WPT WORKS FOR SPEECH 

The steps for packetizing speech 
are shown in Figure 2. Typically, 
speech is in analog form from a stan- 
dard telephone. Upon entering a digi- 
tal network, it is coded into a 64 kilo- 
bit per second (kb/s) pulse code 
modulation (PCM) format. When the 
speech signal enters the wideband 
packet network, echoes are canceled. 
The PCM signal is then examined and 
classified as to type—voice or voice- 
band data. For voice, patterns of 
speech or silence are detected by a 
speech detector. 

In parallel with these operations, 
the PCM signal is passed through a 
coder, which encodes it at a rate ap- 
propriate for the particular type of 


traffic. Bits from the output of this 
coder are then collected for 16 milli- 
seconds and put into packets, under 
speech detector control. Speech detec- 
tion allows silence to be removed, 
achieving a 2.5:1 compression advan- 
tage. This is in addition to the 2:1 ad- 
vantage that ADPCM coding pro- 
vides. A packet header also is formed 
to identify the particular communica- 
tion to which these bits belong. Be- 
cause the level of background noise af- 
fects how reconstructed speech is 
perceived, a measurement of noise is 
included with the header. In addition, 
some timing information (time stamp- 
ing) is added to the packet to allow 
synchronization at the distant end. 

As each voice packet leaves the 
packetizing unit or a switch, it may 
encounter queuing and possible con- 
gestion. To handle significant conges- 
tion, voice is encoded in a special way 
called embedded coding, which al- 
lows sonze of the voice bits to be 
dropped if needed. This provides a 
“graceful” overload technique that 
has better performance than packet 
dropping. 

At the terminating packetizing 
unit, the voice signal is reconstructed, 
with the appropriate level of noise re- 
inserted. The time stamping informa- 
tion causes a delay build-out, so that 
the voice is reconverted to PCM with 
a constant delay. Delay stemming 
from the initial time to collect bits 
plus the build-out is the reason that 
echoes must be canceled at the input. 
The result of all this is an echo-free re- 
construction of the input signal, de- 
layed in time. 

Voiceband data is handled simi- 
larly to voice; however, as there’s a 
continuous carrier tone, silence can’t 
be removed, and the coding rate must 
be set to ensure adequate performance 
for the modem speed being used. 


THE SAN FRANCISCO EXPERIENCE 


In 1986, AT&T completed a 
field experiment in the San Francisco 








‘*New experimental wideband packet switches... 
have delays of only a few milliseconds per switch.” 





FIGURE 4: PACKET FORMAT 


A packet consists of a header containing addressing information, a data field con- 
taining customer message information, and a cyclic redundancy check to verify 
that the packet has not been corrupted. Flags define the boundaries of a packet. 
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area to gain experience with prototype 
WPT equipment (see Figure 3). A 
packet cross-connect system in Pleas- 
anton connected the trunks joining 
three AT&T offices with Dimension® 
PBXs in San Francisco and Pleasan- 
ton and a SESS® Remote Switching 
Module in Sunnyvale. Packet multi- 
plexers did the interfacing, converting 
various external signal formats to a 
uniform internal packet format as 
shown in Figure 4. 

The packet switch and its access 
lines operated at 1.544 Mb/s. Objec- 
tives of the experiment included test- 
ing the integration of packetized voice 
with existing types of data and image 
traffic, and evaluating performance of 
packet voice and data algorithms. 
Data services interfaced to the WPT 
equipment via 9.6 kb/s and 56 kb/s 
Dataphone® Data Communications 
Service leased-line and voice-grade 
private line. 

The results showed that the inte- 
gration of various services in common 
packet format was practical and pro- 
vided good communications quality. 
A wealth of information also was ob- 
tained on needed control and moni- 
toring techniques, and on features im- 
portant to performance. 


The performance of packet voice 
being implemented in current prod- 
ucts is essentially equivalent to the 64- 
kb/s PCM and 32-kb/s ADPCM ref- 
erences. The performance provides a 
“soft” limit, with a gradual trade-off 
between quality and capacity. Any- 
where from 96 to 120 voice circuits 
can be adequately carried on a 1.5 
Mb/s facility (4:1 to 5:1 compres- 
sion). In contrast, 64-kb/s PCM and 
32-kb/s ADPCM can carry at most 
24 or 48 circuits, respectively, on a 
DS1 facility (see Figure 5). 

The conclusion is that packet 
voice can provide the necessary quali- 
ty for any network, public or private. 
Indeed, compared to a network that 
may contain some analog transmis- 
sion, or embedded in an overall net- 
work that contains conventional ana- 
log or digital technology, packet voice 
will deliver excellent quality, and re- 
serve capacity during overloads. 


APPLICATIONS 


Applications for WPT products 
are diverse and include many seg- 
ments of the telecommunications 
market. Because it gives the end user 
and network provider several oppor- 
tunities, hybrid virtual private net- 


works (VPN) are one of the more 
promising. A hybrid VPN is a combi- 
nation of a VPN service from the net- 
work provider and equipment at the 
customer premises that ties into the 
service. 

A hybrid VPN service combines 
the best qualities of a private network 
and a VPN. If required, the packetiz- 
ing and switching units can be on cus- 
tomer premises to access the VPN ser- 
vices of the network provider. Also, if 
the customer’s needs don’t justify 
having a packetizing and switching 
unit, the customer can access the net- 
work provider’s unit directly, and 
take only the amount of bandwidth 
actually necessary for a connection 
through the network. 

The flexibility of hybrid VPNs 
gives benefits to the network provider 
and the end user. The end user can de- 
fine the network implementation to be 
the best combination of customer pre- 
mises equipment and network ser- 
vices. With a hybrid VPN, the end 
user will substantially reduce capital 
outlays for costly equipment, private 
network maintenance costs, and ad- 
ministration costs. 

Also the compression and dy- 
namic bandwidth allocation that the 
packetizing and switching unit effec- 
tively provide offer more bandwidth 
to the end user, while reducing the 
number of dedicated facilities re- 
quired to supply service. 

Another benefit of a hybrid VPN 
is the elimination of back-hauling as- 
sociated with service ordering and 
provisioning. Because the packetizing 
and switching unit can provide a cen- 
tral point for testing and diagnostics, 
VPN lines can span through local 
serving Offices, without being re- 
quired to connect to distant hubbing 
centers. 

In addition, hybrid VPNs make 
possible service features that will offer 
cost savings and other benefits to the 
end user. The features include: 

C Rapid moves and changes. In 
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FIGURE 5S: PACKETIZED VOICE PERFORMANCE 


Packetized speech is virtually indistinguishable from CCITT Standard 32 kb/s 
ADPCMror PCM reference quality for up to over 80 calls on a DS1 facility. Above 
that number there’s a craceful tradeoff between capacity and service, measured 


by user perceptions. 


64)kb/s PCM (Ref 











the past, changing the location of 
voice and data stations required sub- 
stantial hardware and wiring revi- 
sions. Through software control, 
these changes can be accommodated 
easily with a few keystrokes, adding 
flexibility to staff assignment and in- 
creased productivity to the end user. 

CJ Service on demand. The dy- 
namic bandwidth allocation feature of 
hybrid VPN means that bandwidth 
and services are available on demand. 
The end user, therefore, may pay the 
network provider only for the band- 
width actually used, making the pur- 
chase of costly multiplexing equip- 
ment unnecessary. 

CJ Priority traffic. Provisioning 
of user traffic into different priority 
groups ensures service to higher prior- 
ity traffic in times of congestion or 
failure. 

CJ Custom billing. A hybrid VPN 
allows for sophisticated billing of both 
voice and data traffic, including us- 
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age-based billing. This means that end 
users will have greater control over 
how they will be charged for services. 

With a typical private network, 
telecommunications managers are re- 
sponsible for purchasing multiplexing 
equipment that will integrate the us- 
er’s equipment on to a common back- 
bone. This equipment can normally 
be justified only for large locations. 
The end user must also employ per- 
sonnel for engineering, monitoring 
and maintaining the network, and 
must pay tariffs on a fixed cost plus 
mileage basis to lease the backbone 
from the network provider. 


FIGURE 6: PRIVATE 
END-USER NETWORK 


Typical topology of a private network 
for a multilocation customer. 
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In a hybrid VPN, equipment can 
be on the customer’s premises and in 
the network provider’s local serving 
offices, or in the network provider’s 
offices exclusively, depending on the 
user’s requirements. And because the 
packetizing and switching unit can ef- 
ficiently multiplex many users’ traffic 
onto common facilities, the user is not 
tied to the full bandwidth of a DS1 fa- 
cility. Small customers, therefore, can 
get all the benefits and flexibility nor- 
mally reserved for large customers. 
Thus, for large or small end users, 
overall network productivity is in- 
creased by incorporating all locations 
into a common network. 

End users can be given the flexi- 
bility to view traffic statistics and re- 
configure connections within a pre- 
subscribed bandwidth group. In 
addition to customer control, the net- 
work provider can furnish a full range 
of network management functions. 
The table on page 32 summarizes the 
advantages of a hybrid VPN to both 
network providers and end users. 

Figure 6 shows a network for one 
large end user. Four DS1 facilities 
provide connections between the 
three locations whose separation var- 
ies from 12 to 32 miles. The end user 
can maintain the present mode of op- 
eration, can purchase multiplexing 
equipment to gain bandwidth efficien- 
cies and reduce the tariff charges, or 
can subscribe to the hybrid VPN ap- 
proach. Our analysis indicates the hy- 
brid VPN can be the least costly op- 
tion. In addition, the end user has 
access to the benefits of both dedicat- 
ed and shared services, and any new 
services the network provider chooses 
to offer. And wideband packet tech- 
nology provides a means to imple- 
ment this, with other potential bene- 
fits yet to be exploited. 


AN INITIAL APPLICATION 


The first application for WPT 
products is with AT&T Information 
Management Services (IMS) in Den- 
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‘“*A wideband packet network... provides | 
dynamically allocated bandwidth. . . up to the 
bandwidth limit of the access “pipe.” 


FIGURE 7: FIRST AT&T WIDEBAND PACKET NETWORK 





The initial application of a wideband packet network links three AT&T Information Management Services 
locations via an AT&T service node. 
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BENEFITS OF A HYBRID VIRTUAL PRIVATE NETWORK 
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— Reduces capital expenses 
— Eliminates backhauling 
— Ties in small locations 





Opens market to 
smaller end-users 


— Reduces costs 





Generates new services 

— Rapid moves and changes 
— Service on demand 

— Priority traffic 

— Custom billing 





Increases business productivity 

— Staff aligned to business needs 

— Changing needs accommodated 

— Responsiveness for telemetry 

— Operations and management 
improved 








ver and Orlando. IMS is responsible 
for the overall communications and 
data processing resources for AT&T 
and is a very large end user. The net- 
work shown in Figure 7 is presently in 
service and being evaluated. IMS 
wants to deploy the technology for 
these reasons: 

CJ) A migration towards a single 
corporate voice, data, and image ar- 
chitecture will reduce telecommuni- 
cation costs and increase the quality 
of service. 

C) Integrated digital access to the 
serving Office will expand the use of 
vertical services, such as evolving 
ISDN capabilities, and help promote 
access efficiencies. 

C) A common technology fosters 
the development of end-to-end net- 
work management systems with cen- 
tralized control. 

CJ A robust network capable of 
responding quickly and cost-effective- 
ly to changes is an important goal. 
Each month IMS currently has to 
handle several thousand moves and 
changes of data terminals. 


ISDN 
COMPATIBILITY 

ISDN is the first significant step 
towards switched digital end-to-end 
connectivity. While offering relatively 
fixed bandwidth allocations, its main 
advantages come from the D channel, 


which has two advantages. First, it 
opens up enormous signaling oppor- 
tunities through the message-oriented 
signaling protocol known as Q.931. 
Second, it brings variable-bandwidth 
packet switching service access using 
the link-access protocol-D (LAPD) 
multiplexing protocol. 

This bandwidth flexibility, of- 


fered on a small scale in the ISDN D 
channel, is greatly expanded in 
AT&T’s wideband packet technolo- 
gy. Figure 8 shows a possible evolu- 
tion of ISDN, exemplified here by the 
ISDN Primary Rate Interface. The 
packet protocol is not restricted to the 
16 or 64 kb/s rate of the ISDN D 
channel. Instead it is used across a 
larger portion of the DS1 bandwidth, 
as shown in the center. Or it extends 
across the whole DS1 range as at the 
bottom. This evolution allows X.25 
packets, which are compatible with 
LAPD formats, to be efficiently trans- 
ported. It also allows new ISDN 
packet mode services to be offered. 

WPT is being developed to con- 
form with available standards, such as 
LAPD and Q.931 and their required 
evolutions. Initially an ISDN custom- 
er can connect to a WPT terminal 
through an ISDN primary rate inter- 
face, though without call processing 
in the terminal. 


FIGURE 8: ISDN EVOLUTION WITH WIDEBAND PACKET 


Wideband packet technology builds on the signaling and protocol base for ISDN, 
as exemplified by the 23B + D primary rate interface structure. It allows a smooth 
evolution to a fully packetized interface, combining the signaling power of ISDN 
withthe integration and bandwidth flexibility of packet technology. 
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- “Anywhere from 96 to 120 voice circuits 
‘an be carried ona 1.5 Mb/s facility—4:1 to 
5:1 compression.” 
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Channel 
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Eventually, as the signaling mes- 
sage set gets defined, the signaling 
powers of ISDN and the bandwidth 
flexibility of WPT will reinforce each 
other to achieve greater and greater 
advantages for end users and network 
service providers. 


SUMMARY 


Wideband packet technology 
builds on and extends the power of 


ISDN by allowing the full integration 
of voice, data, and image traffic on ac- 
cess and transport. It is a good match 
to both current and future communi- 
cations requirements. One promising 
approach for network providers to 
serve these needs is via a hybrid VPN, 
which allows benefits of WPT to be 
extended to both large and small end 
users. 


FURTHER INFORMATION 

For further information on wideband 
packet technology implementation, 
contact M. Denise Palombo, AT&T 
Network Systems, at 508-691-3540. 
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AT&T As A Wide-Area 
Data Networking Customer 


A new internal network, designed to 
handle asynchronous data transmis- 
sions between thousands of AT&T lo- 
cations by using new and more eco- 
nomical networking techniques, 
expands the availability, flexibility, 
and reliability of data networking ap- 
plications. This state-of-the-art data 
communications solution can serve as a 
model for other wide-area networks. 


AT&T, one of the world’s largest 
suppliers of telecommunications 
equipment and services, is also one of 
its own largest customers. 

The company employs a variety 
of high-quality information move- 
ment and management systems serv- 
ing some 300,000 employees at 4000 
locations. To this array, it is now add- 
ing a new wide-area national network 
capable of joining stand-alone local 
area networks (LANs) into a unified 
corporate data network. The new net- 
work is based on concepts aimed at 
significantly cutting costs while im- 
proving data network availability, 
flexibility, and reliability. 

Using AT&T virtual circuit 
switches to handle the transmission of 
internal asynchronous data traffic, 
the new network can serve as a model 
for future corporate and government 
data systems. (See Figure 1.) It illus- 
trates switching systems and comput- 
er centers tied into a single asynchro- 
nous wide-area data network serving 
its users with a variety of distributed 
applications. 

The word “asynchronous” is 


what differentiates this data system. 
Synchronous transmissions between 
terminals and mainframe computers 
in computer centers, and between the 
mainframes in geographically sepa- 
rate computer centers, are common 
throughout AT&T as well as other 
major corporations. (Synchronous 
transmission requires the continuous 
exchange of synchronization signals 
to maintain constant time spacing be- 
tween bits or characters.) 

In addition to the Corporate 
Wide Area Network (CWAN) for 
asynchronous data traffic described in 
this article, AT&T has chosen to use 
ACCUNET® Packet Service to imple- 
ment an X.25 switched wide-area net- 
work for its 100,000 synchronous 
terminals. 

With the expanding deployment 
of applications and distributed pro- 
cessing based on UNIX® operating 
systems, the demand within AT&T 
for asynchronous transmission is in- 
creasing rapidly. (Asynchronous 
transmission enables messages to be 
sent to a computer even though the 
transmitted characters have unequal 
time intervals between iiem; there is 
no exchange of timing signals between 
the host computer and the data 
source.) 

Providing asynchronous com- 
munications on a dedicated or leased 
line can sometimes be costly, since the 
connection ts charged for full-time use 
even though the line may be used only 
for short intervals during the work- 
day. The key to a successful (i.e., eco- 
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work for its 100,000 synchronous 
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With the expanding deployment 
of applications and distributed pro- 
cessing based on UNIX® operating 
systems, the demand within AT&T 
for asynchronous transmission is in- 
creasing rapidly. (Asynchronous 
transmission enables messages to be 
sent to a computer even though the 
transmitted characters have unequal 
time intervals between them; there is 
no exchange of timing signals between 
the host computer and the data 
source.) 

Providing asynchronous com- 
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nomical, flexible, constantly avail- 
able, and reliable) asynchronous 
network operation is a switch that 
combines the availability of a dedicat- 
ed line with the economy of a time- 
shared line—a virtual circuit switch 
using packet-switching technology. 
(See the panel on page 42.) In the net- 
work it is now deploying, AT&T 
achieves the benefits of economy, flex- 
ibility, availability, and reliability by 
employing these switches in a three- 
tier hierarchy organized according to 
switch function. 

The new asynchronous data net- 
work is based on currently available 
technology but can migrate to the 
standards of the Integrated Services 
Digital Network (ISDN) as they 
evolve in the public switched net- 
work. 

AT&T is moving toward imple- 
mentation of ISDN services at facili- 
ties in Atlanta, St. Louis, and North 


Andover (Massachusetts), as well as 
recently placing one of the largest 
ISDN contracts to date—nearly 
11,000 lines at the basic rate interface 
in the Indian Hill complex of AT&T 
Bell Laboratories at Naperville, Illi- 
nois, a western suburb of Chicago. 
AT&T is procuring its Indian Hill 
ISDN services from Illinois Bell, and 
will use ISDN to connect telephones, 
minicomputers, and mainframes. 
Another set of data networking 
standards, known as the Open Sys- 
tems Interconnection (OSI) is being 
applied within the new data network 
as the standards continue to develop. 
Large corporate data networks 
are usually planned and administered 
by acentral group. At AT&T, design- 
ing and developing this internal net- 
work is the responsibility of the 
AT&T Information Management 
Services (IMS) organization. The re- 
sponsibilities of this group include 


FIGURE 1: AT&T ASYNCHRONOUS DATA NETWORK 


planning, designing, and operating 
the majority of AT&T’s internal data 
processing and telecommunications 
resources. 

For business and government 
customers, AT&T offers a range of 
voice and data transmission services, 
plus sophisticated communications 
and data products and systems. In- 
creasingly, this involves developing 
customized data networking solutions 
that connect incompatible and widely 
dispersed computer systems into inte- 
grated networks. 


SCOPE OF THE PROBLEM 

Relatively small-scale data net- 
works, focused on one computer cen- 
ter (or several), have been in use in 
major business and government orga- 
nizations for the past 20 years or so. 
But the proliferation of personal com- 
puters and other such terminals in the 
past few years has dramatically accel- 








erated the flow of information. Com- 
puter centers that were previously re- 
stricted to specific functions serving a 
limited population of users are now 
serving an expanded population—and 
managements increasingly want those 
centers to be linked together into na- 
tional networks. 

Data traffic at AT&T is concen- 
trated at some 50 to 70 major compa- 
ny locations, including minicomputer 
data centers and data centers 
equipped with mainframe computers. 
Employees must contact whichever 
center contains the applications they 
need, regardless of how far away that 
center might be. 

Adding to the challenge has been 
the growth of the personal computer 
(PC). Over the past few years, various 
kinds and sizes of PCs have become 
increasingly popular throughout the 
company. It is estimated that one in 
four—and at some locations, one in 
two—employees now need to com- 
municate asynchronously with a re- 
mote database or specific applications 
at one or another computer center. 

As office automation expanded, 
and employees became familiar with 
their computer terminals, they began 
to develop more diverse application 
needs. In addition to traditional office 
applications, such as spreadsheet cal- 
culations, preparation of text and 
charts, and electronic mail, PCs ane 
data terminals are now used to access 
corporate databases stored on main- 
frames and large minicomputers, of- 
ten at remote locations. That business 
information, formerly restricted to a 
few users, is now increasingly re- 
quired at departmental or workgroup 
levels. This further increases the need 
for asynchronous data networking. 

In designing the new network, 
AT&T first had to define the demo- 
graphics of the problem: How many 
terminals, and what kinds, and what 
locations, would need access to 
AT&T computers? A request for ac- 
cess to a given AT&T computer could 


originate from a terminal in any one 
of the company’s thousands of 
locations. 

An analysis of the terminal pop- 
ulation among five “communities of 
interest” showed that about half of the 
data terminals were clustered at only 
two percent of the AT&T end-user lo- 
cations. The model created from these 
data showed a few densely populated 
local access and transport areas (LA- 
TAs) and many lightly populated 
ones. About 80 percent of the termi- 
nals were located in the top 15 LA- 
TAs, with the remainder distributed 
over some 90 LATAs. (A LATA is 
the geographic area in which a local 
telephone company is allowed to pro- 
vide service.) To provide those users 
with efficient, high-quality asynchro- 
nous data networking, AT&T deter- 
mined that the network must meet 
several criteria: 

CJ Internal access to the network 
must be available from every AT&T 
location; 

CJ User interfaces must be clear 
and consistent throughout the 
network; 

LC) Access to applications must be 
flexible and fast, adapting to changing 
business needs and the introduction of 
new applications; and, 

LC) Unauthorized access to corpo- 
rate data processing resources must 
be prevented. 


PREVIOUS SOLUTIONS 

In the past, different groups 
within the company tried a number of 
solutions to meet their needs for asyn- 
chronous data networking. These so- 
lutions, however, did not satisfy all re- 
quirements. 

Until a few years ago, asynchro- 
nous data was transmitted mainly 
over conventional telephone lines, us- 
ing low-speed modems, or over lines 
concentrated in older analog PBX 
equipment. Networking was handled 
through a mix of services, including 
AT&T Long Distance Service, AT&T 


800 Service, Shared Enhanced Private 
Switched Communications Services, 
and Electronic Tandem Networks. 

Recently, the company used 
LANs to provide asynchronous data 
switching among asynchronous data 
terminals, PCs that support asynchro- 
nous communications, and minicom- 
puters. These were linked to main- 
frames and remote minicomputers 
equipped for asynchronous access. 
However, the cost and performance 
benefits offered by LANs applied only 
within a relatively small geographic 
area. Wide area networks (WANs) 
connected a number of LANs and re- 
mote data centers, but such network- 
ing was not always as cost effective as 
it could be, especially when improved 
technology offered new options. 

Some of the earlier mechanisms 
involved low-speed modem pools on 
the LANs to provide access to the 
switched voice network, and the de- 
ployment of multiplexers to support 
private-line connectivity between se- 
lected high-traffic locations. 

These approaches met immedi- 
ate requirements for wide-area con- 
nectivity, but improved solutions 
were still needed to reduce costs, in- 
crease flexibility, and better satisfy the 
needs of end-users. What was needed 
was a seamless solution that would 
join wide-area and local-area net- 
works. The network planners exam- 
ined current and future needs, identi- 
fied alternative, cost-effective 
approaches for meeting them, and 
recommended an appropriate net- 
working solution. 


STUDY APPROACH 

The first step was to characterize 
the data traffic. This was done 
through a point-to-point matrix that 
estimated data traffic between the 
sources (usually desktop terminal lo- 
cations) and destinations (usually 
data centers), together with the traffic 
volumes for each source/destination 
pair. 
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A number of approaches were 
suggested for estimating the traffic 
data. The approach the planners final- 
ly adopted used a model (see Figure 2) 
of the corporation, based on demo- 
graphic and geographic data that de- 
scribed the expected users of the asyn- 
chronous data network. 

To validate the model results, 
they used sample usage information 
based on traffic measurements. The 
sieps in the modeling process were: 

| Estimate the terminal popula- 
tion, based on a demographic data- 
base which identified the AT&T em- 
ployee population at company work 
locations. 

CJ Ider ‘*fy communities-of-inter- 
est clusters within the AT&T popula- 
tion to estimate predominant traffic 
concentrations. 

CJ Identify mainframe and mini- 
computer data centers, serving the 
community-of-interest clusters by lo- 
cation and size of processing power 
(defined in million instructions per 
second). 

“| Apply an attraction model 
that allocates traffic between the end- 
user locations in the community-of- 
interest and the destination data cen- 
ters; this allocation is based on an 
algorithm that distributes traffic in di- 
rect proportion to the processing 
power of the data center and inverse 
proportion to the distance between 
the end-user and the data center. 

CJ Validate the results of the 
model by comparing them with traffic 
measurements made at data centers. 

The traffic matrix was the start- 
ing point for the characterization and 
architecture studies. The major archi- 
tectures which were evaluated includ- 
ed: a) the present method of operation 
(PMO); b) a multiplexer-based archi- 
tecture; and, c) a virtual-circuit wide- 
area network based on packet switch- 
ing 


Compared with the PMO, either 
of the other two alternatives (multi- 
plexer or virtual circuit architecture) 


could reduce the annual costs for 
asynchronous networking by 50 to 60 
percent. However, further analysis of 
the Corporate Wide Area Network 
(CWAN) led to the strong recom- 
mendation to move forward with a so- 
lution based on the virtual circuit 
approach. 

The rule of thumb for estimating 
the asynchronous traffic capacity of a 
transmission link using “‘statistical 
multiplexing” (which is what the vir- 
tual circuit switch provides) is that 
three to four users can share the band- 
width of one non-multiplexed user. 
This means that three to four termi- 
nals operating at 1200 baud (today’s 
most common bit-rate) could share a 
single statistically multiplexed 1200 
baud link with about the same perfor- 
mance as a single terminal operating 
at 1200 baud over a non-multiplexed 
link. Although 1200 baud is the most 
popular rate today for economical 
reasons, the new corporate system 
would enable users to upgrade to 4800 
baud or 9600 baud at no additional 
cost. Experience has shown that ter- 
minal users almost always prefer the 
faster bit-rates when offered the 
option. 

In terms of efficiency, a dedicat- 
ed circuit system without further time 
division multiplexing would require a 
T1 circuit (1.5 megabits per second) 
to accommodate 24 to 48 terminal us- 
ers. A virtual circuit switch system 
can handle the same traffic load on a 
voice grade circuit rated at 9.6 kilobits 
per second (kb/s), or a digital data 
service circuit, or a local area data 
channel. Each of these is significantly 
less expensive than a T1 circuit; in 
fact, the cost is about one-tenth as 
much. 

The same calculations indicate 
that a digital data system circuit at 56 
kb/s can accommodate 100 users. A 
Tl facility theoretically could handle 
more than 900 simultaneous users, 
depending on traffic characteristics. 

The choice of virtual circuit 


switching was based on a number of 
factors, especially flexibility, reliabil- 
ity, centralized automatic manage- 
ment capabilities, low latency net- 
work performance, and the size of the 
installed user base. 

Flexibility. The CWAN based on 
virtual circuit switch technology pro- 
vides both switched virtual circuit 
(SVC) and permanent virtual circuit 
(PVC) capabilities, but a network 
based on multiplexer technology can 
support only a PVC capability. With 
SVC, end-users can “switch” between 
different applications by “‘calling” the 
application as needed, instead of being 
limited to application access prede- 
fined by PVCs. Thus, the corporation 
will have the flexibility needed to sup- 
port changing and evolving business 
functions within the enterprise. 

Reliability. The virtual circuit 
switch is a proven technology with 
product plans that indicate a stable fu- 
ture evolution. 

Centralized automatic manage- 
ment capabilities. The AT&T Star- 
Keeper® network management sys- 
tem supports the virtual circuit switch 
technology, providing the network 
with centralized management and 
control capabilities. 

Low latency network perfor- 
mance. Latency, or network transit 
time, affects the performance of echo- 
plexing (the confirmation of host-re- 
ceived characters by retransmitting 
them to the terminal). In the UNIX 
operating system, which dominates 
the internal AT&T asynchronous 
data network traffic, echoplexing by 
multiplexers or PADs is not consid- 
ered viable, but the virtual circuit 
switch system offers the low latency 
network performance for echoplexing 
needed to support the UNIX system 
traffic. 

Installed user base. Some por- 
tions of tie existing AT&T WANs al- 
ready have limited implementation of 
virtual circuits using either AT&T’s 
Information Systems Network (ISN) 
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‘A number of approaches were suggested for 
estimating the data traffic.” 





or Datakit® Virtual Circuit Switches 
(VCSs). These installations demon- 
strated the technical and operational 
capabilities of the recommended solu- 
tion, and they can serve as a founda- 
tion for developing the CWAN from 
an existing user base. 


CWAN ARCHITECTURE 


A major requirement for creat- 
ing a user-friendly data network is to 
make it “‘transparent’’—that is, the 
various computer centers and com- 
munications switches should appear 
to be one “big” center and switch. 
Conventional data networks usually 
require separate number dialing as in- 
dividual switches are encountered 
when a communications path is set up 
to acomputer center. The new AT&T 
internal network has overcome that 
problem. 

A three-tier hierarchical archi- 
tecture (see Figure 3) is being imple- 


FIGURE 2: FLOW CHART 


mented for the Corporate Wide Area 
Network with virtual circuit switches. 
Each of the tiers provides a particular 
set of functions within the network. 
This function set includes end-user 
device support (terminals, printers, 
intelligent workstations, and main- 
frame or minicomputer host comput- 
ers), traffic concentrators and distrib- 
utors, and wide-area tandem 
switching. 

In the fully deployed CWAN, 
about 85 percent of the switching 
nodes will be found in Premises LANs 
(Tier III), 10 percent of the switching 
nodes in Concentrator Nodes (Tier 
II), and the remainder in Backbone 
Nodes (Tier I). 

Tier II: Premises LANs. Asynchro- 
nous connectivity is provided to end- 
user premises locations by the third 
tier of the network, comprising the 
LANs (Datakit VCS, ISN, and 
STARLAN), which service end-user 


terminals, workstations, and hosts. In 
general, a Tier III switching node will 
home onto a single Tier II node. How- 
ever, if traffic volumes are large 
enough, a Tier III node may have di- 
rect connections to several Tier II 
nodes. For those internal AT&T loca- 
tions too small to justify a Tier III 
LAN, modem pools will support 
voice-network connectivity to the 
CWAN. 

Tier IT: Concentrator Switch Nodes. 
Traffic from both Tier III and Tier I 
nodes is concentrated and switched by 
the second tier of the network, which 
connects upward to the backbone 
nodes in Tier I and downward to the 
LANs in Tier III. In addition to their 
concentration and tandem switching 
functions, the Tier II nodes can sup- 
port selected traffic originators and 
receivers. Host connectivity to Tier II 
concentrator switching nodes is pro- 
vided at host computer locations, 


A point-to-point matrix was prepared to estimate the data traffic between the sources (usually desktop terminal locations). This 
chart shows the steps in the modeling process to develop the traffic matrix. 
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FIGURE 3: CWAN ARCHITECTURE 





The three-level switching hierarchy of AT&T's new asynchronous 
data network is based on statistical multiplexing as performed by the AT&T Datakit® VCS. 
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‘*,..three or four terminals operating at 1200 baud 
could share a single statistically multiplexed 
1200-baud link...” 





such as large corporate data centers, 
which attract major volumes of asyn- 
chronous data traffic. 

To meet the availability and con- 
nectivity needs, multiple links will be 
provided between the Tier II concen- 
trator switching nodes and several of 
the Tier I backbone nodes. In addi- 
tion, direct links between Tier II 
nodes will be implemented where 
high traffic loads are found. Such 
links are analogous to high-usage 
trunk groups in a traditional voice 
network. 


Tier I: Backbone Nodes. Asynchro- 
nous data traffic from lower network 
levels is provided with wide-area tan- 
dem switching by the first tier. As tan- 
dem switches, Tier I nodes have no di- 
rect connection to data originators or 
receivers, such as end-user terminals 
or host computers. The backbone 
nodes are interconnected to other Tier 
I nodes or to lower tier nodes. All Tier 
I nodes are fully interconnected with 
each other. 

This hierarchical structure of the 
internal network efficiently uses 
switching and transmission facility re- 
sources, providing cost-effective 
transport over a wide ¢ »graphic 
area. Each Tier II and , ter III switch- 
ing node must be trunked to at least 
one higher-level node, a requirement 
that assures total network connectiv- 

- ity. When warranted, additional high- 
usage links may be added. 

The underlying philosophy of 
such a hierarchical network is to pro- 
vide connectivity at the lowest possi- 
ble level that is economical, through 
the high-usage links. Also, the net- 
work uses the required links for over- 
flow traffic, and for traffic that does 
not justify a high-usage link. 


NETWORK 
NUMBERING AND 
ROUTING PLAN 
To complement the network hi- 
erarchy, and to enable a transparent 


“common network” concept similar 
to the voice network, a network num- 
bering and routing plan was devel- 
oped for the Corporate Wide Area 
Network. 

The numbering plan uses a nu- 
meric scheme that is consistent with 
the recommended NTN (network ter- 
minating number) portion of the 
CCITT X.121 Public Data Network 
Numbering Plan. The scheme will 
support a graceful evolution to the en- 
tire X.121 Plan. The strategy was 
adopted to facilitate future interwork- 
ing with other networks and to be 
compatible with expected future open 
systems interconnection (OSI) 
standards. 

The format of the numbering 
plan is a ten-digit address, with the ten 
digits partitioned into three levels. 
The first level is a three-digit “area 
name;” the second level is a three-dig- 
it “exchange name;” and, the third 
level is a four-digit “service name.” 


In the structure of the address 
(area name/exchange name/service 
name, or NXX/YYY/ZZZZ), N 
equals any digit 2 through 9, while X 
or Y or Z equals any digit from 0 
through 9. The numbering plan is im- 
plemented so that each Tier III LAN 
has the same area name (NXX) as the 
Tier II concentrator switch on which 
it homes. In addition, each Tier III 
LAN node within an area carries a 
unique exchange name (YYY). 


The network engineering for the 
CWAN has been simplified by pre-as- 
signing area and exchange codes 
based on geographically-defined serv- 
ing areas for each Tier II concentrator 
switch. As the network expands, there 
should be minimal need to renumber 
current users. End-users will have the 
convenience of invisible network rout- 
ing, eliminating the need for the user 
to have any knowledge of the topolo- 
gy of the network carrying the data 
call. (The concept is similar to voice 
networks.). 


CALLING ACROSS THE NETWORK 

The numbering plan and routing 
discussion above is described from the 
network provider’s perspective. The 
end user needs no knowledge of the 
network hierarchy or routing plans. 
To the end user, a destination such as 
an application or a host computer is 
simply a dial string: NXX/YYY/ 
ZZZZ. This dial string specifies all the 
information needed for the call to 
reach the destination. The user is 
freed from the need to “double dial” 
at intermediate switch nodes. 

Note that if the call remains 
within the exchange and/or the area, 
those address elements may be omit- 
ted from the dial string, just as if the 
caller were using a voice line to place a 
call within the same area code (YY Y/ 
ZZZZ). 


THE CWAN COUNCIL 

To help manage the transition 
and provide a conduit for user sugges- 
tions and recommendations, the plan- 
ning organization has established a 
CWAN Council, made up of repre- 
sentatives from the various internal 
data customer groups and IMS. To- 
gether they provide a unique view- 
point for guiding future network de- 
velopment so network and processor 
integrity is maintained. 

The Council coordinates 
CWAN architecture and user needs 
while ensuring the implementation of 
AT&T’s internal network strategies. 
Specific roles played by the Council 
include establishment of policies and 
procedures for assigning or reserving 
codes, prioritizing criteria for con- 
necting existing LANs to the CWAN, 
establishing operations interface 
agreements for connecting LANs, es- 
tablishing a committee for change 
control/implementation, assuring ac- 
cess security to the CWAN in con- 
junction with application needs, and 
creating a forum for user input to 
CWAN feature functionality. 
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THE VIRTUAL CIRCUIT SWITCH 


V ictuai circuit switching is pro- 
vided by two AT&T networking 
products: AT&T Information 
Systems Network or ISN systems 
and AT&T Datakit VCS 
switches. Although the two sys- 
tems share many features, they 
each have distinct advantages in 
different areas. However, due to 
the wide-area characteristics of 
the asynchronous data network 
needed for AT&T, the Datakit 
VCS system was selected as the 
most appropriate for future growth. 
The word “kit” in Datakit 
VCS was chosen because the net- 
work is assembled from a catalog 
of different modules (each 
consisting of one or two circuit 
boards). The modules can be added 
or removed to meet changing needs. 
Such modularity also makes 
maintenance easy, since faulty 
modules can be replaced quickly 


even while the network is in op- 
eration. Even the network soft- 
ware is modular and can be 
changed to accommodate new 
hardware or meet new needs. 

The design of a Datakit VCS 
is based on the concept of a vir- 
tual circuit switch. This means 
that when a terminal or com- 
puter raust communicate with 
another terminal or computer, a 
virtual circuit is set up by 
Datakit VCS between the two 
machines. To the user, the circuit 
looks just like a dedicated cir- 
cuit—but in reality it’s a tem- 
a shared circuit, on which 

other terminals or computers can 

also communicate. 

Since the virtual circuit’s 


Se : 
transmission, a number of 


ferent signals can be multiplexed 


by taking advantage of the nor- 


mal gaps in a transmission. This 
permits a Datakit switch to sup- 
port up to 3500 virtual circuits 
simultaneously. 

Interfaces for Datakit virtual 
circuit switching are available for 
the AT&T 3B2, 3B5, and 3B15 
computers, in addition to the 
3B20 and VAX* computers. 
Each virtual-circuit-switch 
multiplexed interface can support 
up to 2048 simultaneous connec- 
tions (or ‘ogical channels). A 
connection is a physical copper 
or optical fiber link between the 
computer and the switch. 

_ Such shared transmission is 
possible because the Datakit VCS 
is a packet switch. Data—either 


as asynchronous bursts of data 


from workstations or syn- 


_chronous bulk data from one 


computer to another—are broken 
up into small packets for asyn- 





FIGURE 4: FLOW CHART 


Each Datakit® VCS module contends with all other modules for transmission time on the contention bus. As the terminal user 
keys in data for transmission, the terminal module stores it in temporary memory until either 16 bytes of information are ready for 
transmission or until a predetermined amount of time has passed. The unfilled bytes are filled with “null” data to make up the 16- 
byte packet needed for transmission. Since up to 42,000 io-byte packets of data can be transmitted on the contention bus in 


each second, any delay in this contention process is but a blink of an eye to the user. 
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“End-users will have the convenience of invisible 


network routing.” 








can take advantage ofthe 
building‘s central core. 
Transmission cable for the LAN 
served by the Datakit VCS can 

radiate out from the core to the 
terminals and computers on each 
floor of the facility. 

A key advantage to a busi- 
ness installing a Datakit VCS is 
that any of the LAN’s terminals 
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| FIGURE 5: DATAKIT° VCS SWITCHING PRINCIPLE 


The user’s data are carried in packets on shared transmission lines, and each 
packet contains a channel number that identifies, indirectly, the virtual circuit to 
which the data belong. This circuit was set up in response to a request from com- 
puter A that its channel 3 be connected to computer B. A network control com- 
puter processes this request by first choosing a route for the circuit to reach 
bangin asin yoiabuarsicytdsg lapses oo ooo eo gh 
control computer writes this route information in switch 1 and 
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SKILLED PLANNING IS KEY 

Corporate-wide networking of 
asynchronous data signals is a rela- 
tively new phenomenon. The develop- 
ments required to accomplish this (in 
an environment that includes a vari- 
ety of LAN technologies) are man- 
aged by skilled planners, whose 
achievements will prove useful to 
AT&T customers with large-scale 
data network systems. 

After considering the options for 
implementing a uniform, reliable, and 
expandable asynchronous data net- 
work for internal transmissions, the 
AT&T planners recommended use of 
the AT&T virtual circuit switches in a 
three-level hierarchy. Many AT&T 
locations that are now using individ- 
ual POTS lines to handle modem-gen- 
erated data signals will be able to im- 
prove their cost-effectiveness by 
consolidating many lines into one or 
two trunks, using a LAN connected 
to a wide-area data network. Virtual 
circuit switches are preferred because 
of their flexibility, proven perfor- 
mance, and field availability. 


F.A. Field 





j Frank A. Field is supervisor of 
the Data Network Applica- 
tions Group at AT&T Bell 
Laboratories in Holmdel, New 
Jersey. His responsibilities in- 

clude development of data communications 

network architectures to support AT&T’s 
business operations and development of ser- 
vice concepts for potential public data com- 

munications offerings. He received an M.S. 

in electrical engineering from Georgia Tech. 


K.E. Mitchell 
Kenneth E. Mitchell is a dis- 
trict manager in the Network 
Architecture, Engineering and 
Technology Platform Division 
of AT&T Information Man- 
agement Services in Warren, New Jersey. 
His responsibilities include the development 
of long range technical and financial plans 
that focus AT&T’s corporate data network- 
ing needs into more efficient networking ar- 
chitectures. He received an MS. in electrical 
engineering from Purdue University. 








Computer A Computer B 
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The Digital Radio Systems That 
Master Mother Nature 


AT&T’s latest digital microwave radio 
systems meet the stringent demands of 
telephone companies and their custom- 
ers. Capable of spenning vast distances 
between snow-covered mountain tops 
or running across a desert floor, the 
newest digital microwave radio sys- 
tems—the DR6-135 and DR11-135— 
can be deployed over the most unforgiv- 
ing terrain. The DR6/11-135 systems 
are cost-effective transport facilities 
that couple the digital performance of 
the 1980s with existing microwave ra- 
dio networks. Inherent in the design of 
a digital microwave radio system is the 
challenge to overcome the problems 
presented by Mother Nature. The 
DR6/11-135 systems have solved them 
all. 


How does a telecommunications 
facility planner provide quality digital 
service to a defense contractor located 
in a remote desert community, a sea- 
side resort on an offshore island, or 
POTS (plain old telephone service) in 
a community that needs up to 21 DS3 
circuit groups? 

Digital microwave radio. 

What transport facility can be 
placed in service in less than six 
months and can minimize capital in- 
vestment by reusing embedded plant? 

Digital microwave radio. 

And what systems can provide 
virtually error-free performance, pro- 
tect almost completely against anom- 
alous propagation conditions, and just 
this year made a major enhancement 
a standard feature? 

AT&T’s DR6-135 and DR11- 


135 Digital Microwave Radio 
Systems. 

The DR6/11-135 systems are 
changing the perception of micro- 
wave radio in the network. Because of 
the stigma attached to analog micro- 
wave radio systems, it has been an up- 
hill battle to alter this perception. In 
an analog microwave radio system, 
the noise level in a long distance call 
increases as the signal level decreases 
or fades. This doesn’t happen with 
digital microwave radio. 

In a digital radio system, atmo- 
spheric fading can distort the shape of 
the signal within the band and is the 
limiting factor in the design of a route. 
As a transmission engineer lays out a 
digital microwave radio system, the 
distance between repeaters (the hop 
length), the size of the antennas, and 
the application of space or angle di- 
versity and other sophisticated coun- 
termeasures are applied as needed to 
ensure high quality transmission. 

The DR6/11-135 systems enable 
the transmission engineer to design a 
cost-effective digital microwave route 
across error-provoking terrain, over 
water, or through the friendly terrain 
of mountains. For hops up to 10 
miles, the 1 1-gigahertz (GHz) 
DR11-135 system is the best choice. 
The 6-GHz DR6-135 system is for 
hops over 10 miles, and is currently 
deployed on hops approaching 100 
miles. 


WHEN IT ALL STARTED 


The U.S. telephone network first 
went digital in the early 1960s with a 
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The Brawley, California tower is located in 
one of the most sophisticated digital 
microwave radie test sites in the world. 
From here data is relayed to AT&T Bell 
Laboratories in Andover, Massachusetts. 


transmission system called T-carrier. 
It allowed the local telephone compa- 
nies to build digital systems to carry 
exchange area traffic between switch- 
ing systems. These digital systems 
consisted of 24 two-way voice circuits 
operating at a line rate of 1.544 mega- 
bits per second (Mb/s). Known as 
DS1, this rate became the basic digital 
building block of the North American 
hierarchy. 

By 1980, digital microwave radio 
was blossoming and several alterna- 
tive technical approaches were being 
pursued. When the technology dust 
settled, digital transmission systems 
based on a quadrature amplitude 
modulation (QAM) scheme were the 
clear winner. (With QAM, two sepa- 
rate baseband data signals can be 
transmitted in the same channel band- 
width by using two amplitude modu- 
lated carrier signals in quadrature 
[90°] phase.) AT&T’s first generation 
systems carried two DS3 (44.73 
Mb/s) signals, and used 16 discrete 
signal states (16 QAM) in the encod- 
ing process. 

In late 1984, the next generation 
digital systems, the DR6-30-135 and 
DR11-40-135, were delivered. These 
use 64 QAM technology and carry 
three DS3 signals (2016 voice cir- 
cuits). The DR6/11-135 systems have 
been purchased by many local ex- 
change carriers, interexchange carri- 
ers, and international customers. 


SYSTEM FEATURES 


The unmatched performance of 
the DR6/11-135 systems is built into 





coal 

VOLUME THREE 
NUMBER FOUR 
45 





THE DIGITAL RADIO SYSTEMS THAT MASTER MOTHER NATURE 





the line terminal and regenerator 
bays. It is here that digital processing, 
adaptive baseband transversal equal- 
izers, errorless frequency diversity 
switching, double-error correction, 
and performance monitoring combine 
with the microwave technology of the 
radio equipment to deliver end-to-end 
digital performance that other digital 
microwave systems only dream about. 


Transversal Equalizers 

The adaptive transversal equaliz- 
er (ATE) is a seven-tap subsystem op- 
erating on the baseband signal. It adds 
significantly to the dispersive fade 
margin and provides additional toler- 
ance to signal shape within the band 
(see Figure 1). It does this by altering 
the shape of the signal to undo the dis- 
tortions added by Mother Nature. 


Errorless Frequency Diversity 
Switching 

The errorless line switch is a 
standard feature in the frequency di- 
versity line terminal bays and the hot- 
standby space diversity receivers. The 


switch transfers individual working 
channels to the protection channel, ei- 
ther manually or as a result of a de- 
graded error rate on the working 
channel—the switch request point is 
at a bit-error rate of 10° (one error in 
10° bits) before error correction. Dur- 
ing this transfer, no additional bit er- 
rors are added as a result of the 
switch. The switch protects working 
channels against a high bit-error rate 
or an out-of-frame condition, inde- 
pendently in opposite directions. It 
does this on the basis of increasing se- 
verity, with an out-of-frame condition 
being the most severe. 


Double-Error Correction 

Each channel in the line terminal 
bays can be equipped with an optional 
double-error correction feature that is 
more powerful than single-error cor- 
rection executed on individual hops. 
With one error correction bit per ev- 
ery 18 data bits, it corrects all single 
and double errors in each correction 
block, and was chosen to help fight 
dispersive multipath fading. Errors 


FIGURE 1: DISPERSIVE FADE MARGINS 


The Dispersive fade margin is a measurement of the system’s tolerance to signal 
shape within the band. These are three basic system configurations and their field- 


test results. 
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caused by multipath fading tend to 
appear in groups, making double- 
error correction more desirable (see 
Figure 2). In addition, since back- 
ground errors occur singly, double- 
error correction virtually eliminates 
errors from the system. 


Performance Monitoring 

Accurate performance monitor- 
ing is an essential part of digital radio 
systems. Accurate error-rate data, 
trouble isolation, and remote control 
are some of the standard diagnostic 
functions built into the DR6/11-135 
family. Cyclic redundancy check 
(CRC) errors—discussed under Sys- 
tem Architecture—which are avail- 
able on a hop-by-hop basis, give main- 
tenance people performance data on 
individual hops. This highly accurate 
measurement of performance, togeth- 
er with the status and alarm indica- 
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Digital microwave radio systems are now being successfully deployed, spanning the error- 


provoking terrain of deserts. 


*“‘By the nature of its design, this antenna is capable 
of providing protection against multipath fading.” .- 





tions, make available maintenance ca- 
pabilities that can isolate any problem. 


Radio Bays 

A key technology in the micro- 
wave radio bay is the dielectric reso- 
nator oscillator, or microwave genera- 
tor. In the DR6-135 system, the 
microwave radio local-oscillator fre- 
quency is generated directly. In the 
DR11-135 system it is generated by a 
5.5-GHz oscillator and a frequency 
doubler. The same extremely stable 
and simple technology is incorporated 
in the channel combining-and-sepa- 
rating radio frequency (RF) filters. 


SYSTEM ARCHITECTURE 

The DR6/11-135 systems con- 
sist of a line terminal bay, a 6- or 11- 
GHz radio bay, and a regenerator bay 
(see Figure 3). The line terminal bay 
takes three incoming DS3 signals per 


radio channel, adds overhead and 
control bits, and converts them into a 
64 QAM signal, which is then trans- 
lated to a 70-megahertz (MHz) inter- 
mediate-frequency (IF) signal. 

The overhead bits include stuff- 
ing indicator, framing, service chan- 
nel information, CRC bits and error 
correction code bits (if the system is so 
equipped). The CRC bits are unique 
to this system and make it possible to 
measure error rates on each hop in a 
switch section. The service channel 
bits occupy a 384-kilobits-per-second 
(kb/s) bit stream that can be subdi- 
vided into six 64-kb/s channels for use 
with alarms or order wire (a dedicated 
maintenance channel), or as customer 
options. 

The DR6/11-135 radio bay con- 
verts and amplifies a signa! from IF to 
RF to IF. Up to four transmitter and 
receiver pairs can be mounted in one 


radio bay. The RF output signal goes 
by waveguide to either a parabolic or 
horn-reflector antenna. At the receive 
end of a hop, typically 25 to 40 miles 
for the DR6, the radio receiver con- 
verts the incoming RF signal down to 
an IF signal that is delivered to the 
line terminal equipment. 

The line terminal bay demodu- 
lates the signal to baseband, reshapes 
the signal via the optional ATE filters, 
and sends it to the decision circuitry 
for timing recovery and regeneration. 
The regenerated data bits are decoded 
by the framer circuitry, then desynch- 
ronized to recover the three original 
DS3 signals. 

The equipment at repeater sta- 
tions is in a regenerator bay. After de- 
modulation, the framer circuit checks 
the CRC bits, generates error and 
misframe information, and extracts 
and inserts service channel informa- 
tion. This signal is then modulated 
into a 64-QAM signal and retransmit- 
ted to the next station. 


As the DR6/11-135 products en- 
tered their third major year of produc- 
tion, technological advancements led 
to two features: the Robust Receiver 
and the angle-diversity antenna. 

The Robust Receiver is a major 
addition because it enables the system 
to maintain carrier phase, timing syn- 
chronization, and equalization con- 
trol in the presence of severe disper- 
sive fading or thermal noise. The 
receiver locks onto the signal and 
hoids it, even during severe fading, 
making the channel available immedi- 
ately once the digital frame is re- 
stored. Should the receiver go out of 
lock, it can regain it at fade depths 
that are far beyond usable bit-error 
rates. 

Consider a situation in which a 
radio undergoes thermal fading. 

Here, the Robust Receiver can main- 
tain both carrier and timing lock 
down to a signal-to-noise ratio of 5 
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dB. In addition, the system can recov- 
er from an out-of-lock condition at a 
signal-to-noise ratio of 12 dB, which is 
well before usable bit-error rates can 
be realized. For comparison, the nor- 
mal 10° point (considered an unus- 
able channel) for the AT&T 64 QAM 
digital radio system is at a signal-to- 
noise ratio of 24 dB. 

The Robust Receiver became a 
standard feature in 1988, but also can 
be retrofitted into existing systems in 
the field. 

The second enhancement was 
the angle-diversity antenna. This re- 
ceive-only antenna has two separate 
receiving patterns, one pointing above 
the normal direct signal path and the 
other below. This design protects 
against multipath fading. This 6-GHz 
dual-beam, four-port parabolic anten- 
na is best suited for severe hops, or 
areas where the necessary clearance 
for space diversity does not exist. 
Working with the DR6/11-135 space 
diversity combiners, the angle-diversi- 


FIGURE 2: 
ERROR CORRECTION 





The power of double- versus single- 
error correction. The comparison of 
thermal noise versus slope illustrates 
the additional power of double-error 
over single-error correction in the 
presence of dispersive fading. 
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FIGURE 3: TYPICAL ONE-HOP ONE-DIRECTION SYSTEM 


ty antenna can be used as an alterna- 
tive to the space diversity configura- 
tion on some hops. 


SYSTEM PERFORMANCE 


The Robust Receiver and the 
adaptive transversal equalizer provide 
the most powerful dispersive fading 
protection available today in 64 QAM 
digital radio systems. During the 
summer of 1987, the DR6-30-135 sys- 
tem, equipped with the Robust Re- 
ceiver, was field-verified to have a dis- 
persive fade margin in excess of 40 dB, 
or 47.5 dB calculated by the “Bellcore 
technique.” In addition, the Robust 
Receiver’s improved reacquire time 
(about 120 milliseconds at a bit-error 
rate of 10°) for such things as carrier 
phase, timing synchronization, and 
equalization control eliminates the 
possibility of channel unavailability 
caused by hysteresis. 

These two items, robust reacqui- 
sition and dramatically improved re- 
acquire time, have increased the abili- 





The major building blocks of the DR6/11-135 systems. 
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“The digital radio systems are backed with a full 
range of AT&T services, including training, 
documentation, and systems engineering.” 





ty of DR6/11-135 products to combat 
dispersive fading by adding 4 dB to 
the dispersive fade margin. 


Bit-Error Elimination 

Errorless switching and double- 
error correction combine to provide a 
feature called “anticipatory switch- 
ing” that virtually eliminates DS3 bit 
errors caused by either equipment 
degradation, dispersive fading, or 
maintenance. Double-error correc- 
tion provides virtually error-free DS3 
performance during fading down to 
the switch point of the system. By ini- 
tiating the switch on the uncorrected 
error rate, the system can switch with- 
out error around multipath fading. 
Tests made on a one-by-one system 
(one working and one protection 
channel) showed that for 42 fading 
events, the system protected against 
37 of them (without adding any bit 
errors to the channel), four had mini- 
mal errors, and only one event suf- 
fered a frame loss (see Figure 4). 


FIGURE 4: DS3 PERFORMANCE DURING SWITCHED FADES 


Flexibility 

The DR6/11-135 systems offer 
two transmit amplifier options and 
three receiver options (two RF pre- 
amplifiers), which provide the flexi- 
bility to meet thermal fading objec- 
tives economically. Baseband Nyquist 
filters, divided equally between the 
transmitter and the receiver, reduce 
adjacent-channel interference 
problems. 

The Robust Receiver, angle di- 
versity, double-error correction and 
errorless switching give the digital ra- 
dio route designer all the tools re- 
quired to meet the stringent design 
objectives of today’s digital radio ap- 
plications. The digital radio systems 
are backed with a full range of AT&T 
services, including training, docu- 
mentation, and systems engineering. 


ON THE WAY 

The next step in the evolution of 
digital radio will be a system for the 4- 
GHz band, the most desirable com- 


The power of error correction working hand-in-hand with the errorless frequency- 
diversity protection switch. Based on actual measurements, all but one multipath 


fade-was protected without a frame loss. 
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mon-carrier band, and the last strong- 
hold of analog radio in the U.S. 
AT&T’s DR4-20-90 system, current- 
ly under field evaluation in Virginia, 
will fill this gap. 

For the DR6/11-135, the next 
advance is further ruggedizing of ex- 
isting systems, with improved noise 
figures and all-digital transversal 
equalizers. A next-generation proc- 
uct, such as a 6-GHz radio capable of 
carrying four DS3s, will follow in the 
early 1990s. 

Because AT&T’s digital micro- 
wave radio is subject to the whims of 
Mother Nature, it is providing the ba- 
sic research for potential fiber-optic 
features, such as error correction and 
errorless switching. (See “High Ca- 
pacity Lightwave Technology Comes 
Of Age,” on page 10.) These comple- 
mentary technologies are working to- 
gether to construct the building 
blocks on which the self-healing net- 
works of the 1990s will be built. 


SUMMARY 


With the advent of the DR6/11- 
135 systems, AT&T set the standard 
for high quality digital microwave 
transmission, with features unparal- 
leled in the industry, options to meet 
the most demanding data needs, and 
flexibility to allow cost-effective de- 
signs. All this adds up to digital radio 
systems that deliver performance un- 
matched by other transport facilities. 
AT&T’s digital microwave radio, 
“the unbounded transport facility,” 
has mastered Mother Nature. 





S.C. Ladd 
Stephen C. Ladd is a senior 
product planner in the Digital 
Radio Transmission Product 
Management Organization at 
AT&T in Andover, Mass. His 
responsibilities include product management 
and marketing for the DR6/1 1-135 digital 
radio systems. He received a B.S. in electrical 
engineering from Northeastern University. 
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